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Preface 
Recent advances in early hearing screening along with technologies for digital hearing aids and 
cochlear implants have given access to the auditory input of spoken language to many children 
with a diagnosis of hearing loss. However, the enduring delays in academic achievements of deaf 
students in comparison to hearing peers lead to question the effectiveness of educational 
interventions focused exclusively on oral communication, reconsidering the role that sign language 
or signing systems may have for increasing their comprehension and enriching the linguistic 
environment.  
The Individual Differences, Language and Cognition Lab at the University of Seville has been for 
long been exploring the extent to which deaf students lag their hearing peers in reading 
comprehension, and the cognitive and linguistic predictors involved in this process. More recently, 
the research interests of the Lab for comprehension difficulties in deaf individuals were extended 
to spoken language comprehension and to augmentative systems that might potentially increase 
oral communication, such as sign-supported speech. Along this trajectory of research, I took part, 
as early stage researcher, in a project supervised by Dr. Isabel R. Rodriguez-Ortiz and co-
supervised by the Lab Director Dr. David Saldaña, within the European Innovative Training 
Network (ITN) LanPercept (grant number: 316748). This ITN aimed to provide a more-in-depth 
knowledge on the interaction between two central cognitive systems, language and perception, in 
typical as well as in atypical populations, by using cutting-edge behavioural and 
neurophysiological techniques. The network included eight university partners and two private-
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sector partners. Each of these institutions hosted one or more conferences or training courses 
intended to develop research skills and acquire interdisciplinary techniques, advanced scientific 
methods and complementary skills, such as research project management or writing and oral 
presentation skills. In this terrifically stimulating environment, I had the opportunity to develop 
this doctoral project. The project examined the relationship between language and perception in a 
population of Spanish deaf school-age individuals. The extent to which sign-supported speech 
eventually increases comprehension compared to spoken language only was tested in congenitally 
deaf adolescents with early-activated cochlear implants (before the age of five). During language 
perception, eye-tracking data were collected to explore the role of attention to lip movements and 
signs in deaf perceivers.  
The thesis is written as a compilation of studies. The central chapters of the thesis report the four 
experiments realised included in the three studies. By the time of submitting the thesis study 11 was 
published, study 22 was accepted for publication and study 3 was under review.  
The first chapter of the thesis is a general introduction of the research problem. The current debate 
around the methods used in deaf education and the existing educational settings are discussed. The 
two main profiles of deaf individuals considered in our research, with cochlear implants, on one 
hand, and native signers, on the other hand, are presented. The possible role of sign-supported 
speech in increasing communication and comprehension for the new generation of deaf students 
with better restored audition is addressed. Eye-tracking technology and its application in the current 
thesis are also described. 
                                                          
1 Mastrantuono, E., Saldaña, D., & Rodríguez Ortiz, I. (2017). An eye-tracking study with deaf adolescents on the 
efficacy of sign-supported speech. Frontiers in Psychology, 8(1044). doi:10.3389/fpsyg.2017.01044 
2 Mastrantuono, E., Saldaña, D., & Rodríguez-Ortiz, I. (in press). Inferencing in deaf adolescents during sign-
supported speech comprehension. Discourse Processes. doi: 10.1080/0163853X.2018.1490133 
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The second chapter describes the topic and the goals of the thesis. 
The third chapter reports Experiment 1, which addressed the research problem of the effectiveness 
of sign-supported speech for discourse-level comprehension. Using a within-subject design we 
compared the perception of language in spoken language only, sign language only, and in sign-
supported speech. We tested the capacity of these communicative systems to equate comprehension 
in deaf participants with that of spoken language in hearing participants.  
The fourth chapter reports Experiment 2. This experiment tested the capability of deaf adolescents 
to generate inferences during spoken language comprehension, and if the use of sign-supported 
speech increased participants’ comprehension. A more in-depth investigation on the inference-
making abilities of deaf children is desirable to compensate the paucity of studies addressing this 
issue across the deaf population (Kyle & Cain, 2015). 
The fifth chapter reports experiments 3 and 4 integrated in a single study. Two eye-tracking 
experiments aimed to detect the extent in which deaf individuals do rely on signs during the 
perception of sign-supported speech. Experiment 3 shifted observers’ foveal attention to the 
preferred linguistic source in sign-supported speech, by magnifying the face area and by 
constraining the visual field through a gaze-contingent paradigm. Experiment 4 explored the 
reliance on signs in SSS by producing a mismatch between signs and speech. 
The sixth and final chapter considers jointly the conclusions of the four experiments, extracts an 
overall view of the results, and offers suggestions about the practical implications of this study for 
education.  
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Chapter 1 
Introduction 
1.1 The Education of Deaf Children: Towards an Inclusive Education 
In recent years, a global shift in educational philosophy is leading to the adoption of a more 
inclusive education (Knoors, Tang, & Marschark, 2014). The philosophical perspective underlying 
the phenomenon of inclusion is driven by the idea of egalitarianism among all learners and the role 
of the institutions of promoting integration (Fernandez-Viader, 2004; Stinson & Antia, 1999). 
Inclusion is fundamental to prepare individuals for life, giving the opportunity to learners with 
special educational needs to have normal life experiences and learning from typical peers and, at 
the same time, to teach and apply democracy at school by challenging social rejection (Stinson & 
Antia, 1999). This philosophical approach resulted in laws, such as the Individuals with Disabilities 
Education Act (IDEA), that regulate the issue of inclusion in the wider field of special education 
(Stinson & Antia, 1999). Inclusive education implies that all learners should attend regular 
classrooms, and teachers, in collaboration with special educators, should adapt the structure of the 
classroom to facilitate their learning. In agreement with this currently dominant philosophy, the 
education for deaf students is also changing direction. 
Traditionally, when enrolling their children at school, parents of deaf or hard of hearing children 
had two main options (Stinson & Kluvin, 2014; Tang & Yiu, 2016). The first option, usually 
preferred for deaf children with greater access to audition, was a mainstream school with oral 
communication programs. Generally, in public schools, there are only one or two deaf students per 
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classroom. In regular classrooms, deaf students receive consultation or additional instruction 
through a teacher of the deaf, who in many educational systems is an itinerant teacher. This itinerant 
teacher can only devote a limited time to each student, having to teach to many deaf students with 
very diverse profiles in a day (Stinson & Kluvin, 2014). At the best, students in mainstream 
environments can also benefit of speech language therapy and additional services at high-school 
level to support communication access and learning, such as notetakers, interpreters, real-time 
speech-to-text services, might also be supplied (Schirmer, 2001; Stinson et al., 1999; Stinson & 
Foster, 2000). Mainstream schools are usually fitted with resource rooms and separate classes. The 
resource rooms are a workable option for mainly orally educated deaf children. In fact, they attend 
resource rooms only for reviewing specific subjects and spend most of the time in regular 
classrooms. By contrast, separate classes are a less inclusive option, where deaf students receive 
their entire instruction from a specialised teacher of deaf education, rarely interacting with hearing 
students in regular classrooms.  
The second option was traditionally the special school for deaf, mainly chosen for children with 
lower or no access to audition. In these special schools, deaf children mainly communicate with 
each other using natural sign languages or any signed system, separately from the spoken language. 
Special schools usually provide with a range of special services, such as psychologists, 
audiologists, and counsellors, and propose a wide variety of academic, vocational courses and 
athletic and social programs. Recent studies based on large datasets of the United States reveal that 
students attending special schools are more likely to use sign language and less likely to use spoken 
language than students attending mainstream institutions (Allen & Anderson, 2010; Shaver, 
Marschark, Newman, & Marder, 2014), and have major conversational difficulties (Shaver et al., 
2014). 
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In the 21st century, a consequence of the extension of the philosophy of integration, more inclusive 
educational placements have become the preferred option, and 80-90% of deaf or hard-of-hearing 
students now attend mainstream schools (Tang & Yiu, 2016). Nevertheless, average deaf students 
in regular classrooms still achieve poorer academic outcomes than their hearing peers (Knoors & 
Marschark, 2015; Marschark & Hauser, 2008). These difficulties are evident even in children with 
cochlear implants (CIs). Despite substantial evidence that the use of CIs enhances spoken-language 
acquisition, and improves speech perception and production (Watson, Archbold, & Nikolopoulos, 
2006; Watson, Hardie, Archbold, & Wheeler, 2008), a positive impact of cochlear implantation on 
literacy is still not demonstrated (Harris, 2016). In reading comprehension, deaf children have the 
same difficulties as hearing poor comprehenders (Kyle & Cain, 2015), and struggle with generating 
inferences (Miller, 2002).  
Considering these unsatisfactory outcomes, practitioners in deaf education started to rethink an 
environment that could be linguistically richer and would facilitate communicative exchanges 
between deaf and hearing students: models of sign bilingual education were implemented in 
mainstream classrooms. These models are sustained by research on sign bilingualism (Humphries 
et al., 2012; Marschark, Tang, & Knoors, 2014), which indicate a positive effect of sign language, 
together with spoken language, on the language development of deaf and hard-of-hearing children. 
Models of co-enrollment teaching are becoming increasingly popular in many countries. Co-
enrollment teaching differs from the traditional mainstream teaching in regular classrooms in how 
it promotes integration between hearing and deaf students. First, in a co-enrollment setting it is 
necessary to create a real community of bimodal bilingual users. To this aim, hearing students 
should necessarily be involved in programs to acquire sign language. Crucially, with the aim to 
create an educational setting in which bimodal languages effectively co-exist, a significant number 
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of deaf signers should attend the same classrooms (at least in a deaf-hearing ratio estimated around 
1:3 or 1:4) (Tang & Yiu, 2016). School teachers should engage themselves in collaborating with 
the teachers for deaf students, team-teaching with them, and they are encouraged to integrate 
regular education practices with those from special deaf education, with the aim of breaking down 
barriers to learning and promoting the active participation of deaf students in the classroom. In a 
co-enrollment classroom much time need to be devoted to the organisation of teaching, as it is 
provided in two languages. 
Ground-breaking experiences of co-enrollment were started with the TRIPOD program in 
California in 1982.  Compared to deaf students of the same age, the participating deaf students had 
improved outcomes in communicative interactions, social acceptance and academic skills, 
(Kirchner, 2014). Kirchner stressed some aspects that ideally a program of co-enrollment should 
promote: (a) direct communication of deaf students with hearing peers and teachers, with no 
mediation of interpreters or special teachers, b) equal access to an ordinary curriculum, (c) 
involvement of deaf students in academically challenging tasks, and (d) creation of bimodal 
bilingual peer groups in support of socio-emotional status.  
1.1.1 Deaf education in Spain. 
A recent survey of the Spanish National Health Service of the population over 15 years old provides 
interesting data on the Spanish deaf population (Gobierno de España, Ministerio de Sanidad, 
Servicios Sociales e Igualidad, 2014). Spanish population was classified as follows: hearing with 
no difficulties, hearing with some difficulties (hard of hearing), hearing with many difficulties, and 
no hearing. A total of 13 % of the Spanish population (5.041.300 individuals) is hard of hearing, 
of whom 4.3 % (190.900 individuals) is aged between 15 and 24 years. Another 3.6 % (1.418.700 
individuals) hears with many difficulties, and of them 0.23% (10.400 individuals) is aged between 
 
 INTRODUCTION 
21 
 
 
15-24 years. No individuals of the youngest range of age, 15 to 24, are classified with no hearing, 
thanks to the use of hearing aids. In fact, 3.5 % of the Spanish population uses hearing aids or CIs, 
and the majority of them are aged between 15 and 24 years (2 %).   
According to data from the Spanish Department for Education, Culture and Sport, in the year 2014-
15, there were 7531 deaf students in the public educational system, from preschool to high school 
(4.3% of all students with special needs). The majority of deaf students (a total of 7024) are in 
public (5388 students) or private (1636) mainstream education, while only 507 deaf students attend 
special schools for deaf (Gobierno de España, Ministerio de Educación, Cultura y Deporte, 2016).  
In Spain, bimodal bilingual education was introduced to counter the poor outcomes of deaf students 
(Valmaseda Balanzategui, 1998). At the end of compulsory education, the performance of deaf 
adolescents matched the scores of hearing peer in their first years of primary school, especially in 
reading (Rodríguez-Ortiz, 2005). These poor educational outcomes discouraged the development 
of oral communication which in turn impacted negatively on social integration (Rodríguez-Ortiz, 
2005). This coincided with the advances in sign language studies (Stokoe, 1960) and the advantages 
in academic achievements of native deaf signers compared to non-native deaf signers that were 
being reported (Meadow, 1980; Musselman, Lindsay, & Wilson, 1988; Wilbur, 1986). The 
cognitive and communicative benefits of learning sign language in the early years was apparent. 
These factors contributed to the adoption of bimodal bilingual education. A first regulation of 
bimodal bilingual education for deaf students was approved in 1995, within executive regulations 
for special education (Real Decreto 696/95). With respect to deaf education, these rules required 
mainstream education to recognise sign language and promote its use and study in schools attended 
by deaf or hard-of-hearing students. Also, the Real Decreto required appropriate sign-language 
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training for teachers and other practitioners involved in the education of deaf students. Contents 
referring to both communicative systems, oral communication and sign language, became part of 
the students’ curriculum (Art.8, ap.6).  
The next great achievement for Spanish deaf individuals was the legal recognition of the national 
Spanish Sign Language (LSE), in 2007 (LEY 27/20073), and, soon after, of Catalan Sign Language 
(LSC), in 2010 (LEY 17/20104). In 2011 the Centro de Normalización Lingüística de la Lengua de 
Signos Española (Institute for the Linguistic Normalisation of Spanish Sign Language) was 
created, with the purpose of disseminating and standardising LSE. The same year, in Andalusia a 
law that regulated the use of sign language was approved (LEY 11/20115).  
These laws also regulated the issue of oral communication support for deaf individuals. Schools 
had to provide available bimodal bilingual educational models to deaf students, who should be able 
to choose their preferred educational approach, oral or signed communication. However, in practice 
the interpretation of bimodal bilingual education is extremely fuzzy: some schools might be defined 
as bimodal bilingual, but use signs minimally (Pérez Martin, Valmaseda Balanzategui, & Morgan, 
2014). Bimodal bilingual education found some limitations due to the structure of mainstream 
classrooms: deaf students, even in bimodal bilingual programs, typically attended regular 
classrooms with a vast majority of hearing students and only one or two deaf students. This made 
it difficult to carry out a bilingual program involving teachers and hearing classmates and did not 
help deaf individuals to have a positive perception of bimodal bilingual education. Cabeza-Pereiro 
                                                          
3 Ley 27 /2007, de 23 de octubre, por la que se reconocen las lenguas de signos españolas y se 
regulan las medias a la comunicación oral de las personas sordas, con discapacidad auditiva y sordociegas (BOE, nº 
255, de 24 de octubre de 2007). 
4 Ley 17/2010, de 3 de junio, de la lengua de signos catalana (BOE, nº 156, de 28 de junio de 2010). 
5 Ley 11/2011, de 5 de diciembre, por la que se regula el uso de la lengua de signos española y los medios de apoyo 
a la comunicación oral de las personas sordas, con discapacidad auditiva y con sordoceguera en Andalucía (BOE, nº 
312, de 28 de diciembre de 2011). 
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and Ramallo (2016) carried out a survey on 138 deaf sign-language users about deaf education, 
among other topics. Participants had more positive opinions of the educational sector than of 
culture, tourism, healthy system, transports, or access to multimedia information. However, the 
youngest participants of the survey, aged 18 to 35 —who had attended schools when inclusive 
education was the more supported option— were the most critical of the educational system. The 
authors suggested that this might be due to unsuccessful integration of deaf and hearing students 
in the classroom. Also, as much as 36 % of deaf individuals were unaware of the existence of 
bilingual schools, and 69% were dissatisfied with the insufficient number of interpreters for deaf 
students. Bimodal bilingual interpreters, LSE-Oral Spanish, are a key figure for the successful 
implementation of bilingualism (Rodríguez Ortiz & Mora Roche, 2007). Despite regulations about 
interpreting, including the 2007 law, and the creation of a professional degree for sign-language 
interpreters, the deaf community appeared to be dissatisfied with this service. 
In addition, bimodal bilingual education is rarely applied in its strictest form. A bimodal bilingual 
educational setting involves the opportunity to use and develop both languages, oral and signed. 
The proponents of the use of pure natural languages, oral and signed, argued that bimodal bilingual 
settings should not include the simultaneous use of signs and oral language, because they might 
impoverish users’ competence in both language modalities (Fernández & Villa, 2017). The guiding 
principle of this interpretation of bimodal bilingual education is that advanced skills in sign 
language favour cognitive development and spoken language in deaf children. In reality, various 
forms of signed communication are usually adopted in bimodal bilingual settings to meet the needs 
of individual deaf students.  
Co-enrollment aimed to overcome these difficulties of applying bimodal bilingual teaching in 
mainstream schools. From nineties, co-enrollment became an option for deaf students, and schools 
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for special deaf education also opened to hearing students (Pérez Martin et al., 2014). These 
bilingual educational settings are re not an initiative of the educational authorities. It is more of a 
bottom-up process, which develops in individual schools, teachers, deaf communities, and families 
of deaf pupils (Morales-López, 2008) and is therefore expanding at a slower pace.  
Four schools in Madrid are a virtuous example of the passage from being special schools for the 
deaf to bimodal bilingual centres with co-enrollment. In 2014, 24% of all school-age deaf children 
in Madrid attended these schools and more than half of them (53% of all students) wore CIs (Pérez 
Martin et al., 2014). In these bilingual schools, one fourth of the students in a classroom are deaf 
(5-6 deaf students and 15-20 hearing students). The more balanced proportion of deaf and hearing 
students than in the past makes it possible to practice and instruct all students in the classroom with 
bilingual teaching. Bilingual input is already used at the nursery and all pupils, deaf and hearing, 
share the same curriculum. Classrooms have distinct working areas for mathematics, art, LSE, 
Spanish, etc. In each area, a group of deaf and hearing students are supported in the study of the 
specific subject, and teaching is adjusted to their individual levels. Four additional practitioners are 
involved in co-enrollment in Spain: deaf LSE specialists, co-tutors, speech and language therapists, 
and interpreters (Pérez Martín et al., 2014). Deaf LSE specialists, often qualified teachers or 
educators, are primarily required to teach LSE to deaf and hearing students, train families and 
hearing teachers in LSE and visual communication and promote deaf cultural activities among the 
school staff. Two co-tutors, participating at the classroom activities nearly all the time, are 
responsible for facilitating close collaboration in teaching and planning. Speech and language 
therapists, in close collaboration with co-tutors, provide children with auditory stimulation to 
enhance their speech development. Finally, the interpreters, who have an active role in the 
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classroom mainly at the level of secondary education, guarantee that classroom contents are fully 
conveyed in both languages.  
Practitioners in one of the schools —GAUDEM, in Madrid— also point to project-based teaching 
(trabajo por proyecto) as a relevant characteristic of co-enrolment a practiced there (Alonso, 
Rodríguez, & Echeita, 2009). The purpose of the projects is the inclusion and the individual 
development areas of weakness, with the aim of acquiring basic knowledge. These projects are 
built around a network involving the family, other classrooms, and even the entire school or pairs 
of students, not necessary from the same classroom or equal in age. 
Pérez Martín et al. (2014) has evaluated spoken and sign-language linguistic skills, and socio-
emotional development in children with CIs, aged 0 to 6 years, enrolled in co-enrollment programs. 
Children were assessed with chronological- and hearing-age appropriate tasks. They found their 
performance was equivalent to typically developing children for spoken language, audition, 
receptive and expressive vocabulary, and receptive grammar. Contrary to hearing children, deaf 
participants scored higher in expressive than receptive vocabulary, confirming a trend already 
detected in prior research (Geers, Moog, Biedenstein, Brenner, & Hayes, 2009) and attributed to 
language teaching strategies that emphasize naming. Although within normative percentile ranges, 
receptive grammar scores were in the lower ranges and highly variable among participants even in 
children with CIs and early bilingual skills, thus confirming its status as one of the most challenging 
linguistic area for deaf children (Inscoe, Odell, Archbold, & Nikolopoulos, 2009). The evaluation 
of LSE skills indicated that these children had good developmental trajectories in both 
comprehension and production, although they had mainly received LSE input from the school. 
Children also had good socio-emotional skills. In their conclusions, Pérez et al. noted the great 
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variability in children’s outcomes, and urged careful observation of pupils’ progress early on to 
target interventions appropriately before chronic delays appear.  
Ultimately, the global shift toward inclusive education of deaf students has reintroduced the debate 
about the role of sign language and signing systems in educational settings. A real integration 
between hearing students and deaf students requires shared communication. Signing systems that 
use simultaneously acoustic and visual linguistic inputs are accessible to both hearing and deaf 
students. The next section recounts the distinct paradigms that came in succession in deaf 
education, focusing on the alternating relevance awarded to signing systems and visual components 
of language across decades. The role of visual linguistic inputs, provided by signing systems, is 
illustrated in depth, addressing how it might be effective in supporting spoken language acquisition 
even in children wearing CIs and, therefore, with restored audition. 
1.2 Visual Components of Language 
Visual components of language play a fundamental role in communication in deaf individuals. 
Even in the cases of children with CIs, visual components are still important. Visual aspects are 
not only essential in sign languages, but also in spoken language communication. In speech 
perception, deaf individuals strongly rely on speechreading, which allows them to infer or integrate 
the content of speech by observing lip and facial movements. However, even individuals with 
excellent speechreading skills find it difficult to extract sufficient meaningful information from 
speechreading; the main reason being that the tongue, a major articulator in speech, is often only 
partially visible, and many phonemes are similarly articulated and not easily discernible (Kelly & 
Barac-Cikoja, 2007). On average, speechreading conveys only 10-30% of words (Bernstein, 
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Demorest, & Tucker, 2000), and 40-60% of phonemes in words (Montgomery & Jackson, 1983) 
and 30% in non-words (Rees, Fitzpatrick, Foulkes, Peterson, & Newton, 2017).  
Over the years, the visual component in communication has been increasingly recognised in the 
educational and clinical contexts. To support the visual information provided by speechreading, 
well-structured signing systems with specific visual-manual actions can be used concurrently with 
speech. In addition to standardised signing systems, sometimes more spontaneous communication 
strategies can be adopted. In these cases, communication relies on all devices available, both visual 
and non-visual: listening, speechreading, formal signs, natural gestures, tactile cues, fingerspelling, 
and body language. In spite of broad recognition of the need for visual input, approaches to the 
education of the deaf have fluctuated on a continuum between a more deregulated adoption of 
visual devices —using what became known as a Total Communication (TC) approach—, to 
complete opposition to the use of any visual device in favour of pure auditory stimulation, in strictly 
Oral Communication (OC) settings. 
1.2.1 Whatever works: The total communication philosophy and the signing systems. 
TC is a philosophical approach in deaf education that contemplates the use of any visual and spoken 
device to achieve the goal of successful communication (Schlesinger, 1986; Scouten, 1984). 
According to Mayer (2016), it advocates inclusion of signed and spoken language free of any 
normative guideline, where speech only, signs only, or speech and signs concurrently can be used, 
depending on the communication needs of the user. Consequently, the implementation of TC can 
vary hugely from one child to another (Williams & Mayer, 2015). Depending on the gradient of 
signs used to convey spoken information —whether signs are meant to convey morphological or 
phonological information or whether they only reinforce semantic meanings— different forms of 
signing systems have been conceived. The signing systems that intend to inform deaf students 
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about morphological components of spoken language together with semantic meanings, represent 
every single word of spoken language with signs. Besides genuine signs from the indigenous sign 
language, these systems deliberately use invented signs, affixes, or sign markers to render the 
spoken language morphology. The most popular signing systems in North America–defined by 
Maxwell (1990) as Manually Coded English –are Seeing Essential English (Anthony, 1971), 
Signing Exact English (Gustason, Pfetzing, & Zawolkow, 1980), the Linguistics of Visual English 
(Wampler, 1971) and Signed English (Bornstein, Hamilton, Saulnier, & Howard, 1975). These 
systems, invented to teach English to deaf children in the United States, were adapted for deaf 
students of other countries depending on the characteristics of local spoken languages. In Spain, 
this system is known as Español Signado. 
Cued Speech is another artificial signing system, which uses artificial manual cues to convey 
information about syllables and phonemes of spoken language. Cued Speech conveys phonological 
information otherwise ambiguously transmitted by speech only (Cornett, 1967). It is a 
synergistically combination of manual cues, auditory information and lipreading. Cued Speech 
manual parameters specify information about consonants through handshapes, and about vowels 
though distinct hand placements near the mouth. Cued Speech was first conceived by Cornell, has 
been adapted to 65 languages (Leybaert, Bayard, Colin, & LaSasso, 2016), and is still currently 
used for speech training of children wearing CIs. The Spanish adaptation was realised by  CIs 
perform best when deaf children also have lipreading skills (Lachs, Pisoni, & Kirk, 2001). Since 
Cued Speech eliminates the ambiguity inherent to lipreading (Leybaert & LaSasso, 2010), the 
combination of Cued Speech and CIs is a powerful tool that enhances speech perception; this 
combination has positive effects in at least in three languages, French, English and Spanish 
(Leybaert et.al., 2016). Cued Speech will continue to be a useful visual tool to discriminate 
phonological units of speech until CIs are fully efficient, in fluctuating background noise, and in 
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providing useful information about the point of articulation to disambiguate minimal word pairs 
(Leybaert et al., 2016).  
These signing systems, Signed English and Cued Speech resort to artificial ad-hoc manual cues to 
convey morphological and phonological information of spoken language with no correspondence 
in sign languages. Other forms of bimodal communication, using only genuine signs of sign 
language, prescribe a more flexible and simultaneous use of spoken and sign language. These forms 
of bimodal communication are mainly referred to as Sign-Supported Speech (SSS) in the European 
literature and Simultaneous Communication (SimCom or SC) in American literature, but also with 
a variety of other terms, such as Key Signs system, Conceptually Accurate Signed English, or Sign-
Supported English. In Spanish language, SSS is known as Comunicación Bimodal. The umbrella 
term used to describe these forms of bimodal communication is Contact Signing (Lucas & Valli, 
1992) or forms of pidgins (Knoors & Marschark, 2014), depending whether their morphological 
and syntactic system are more (Contact Signing) or less (pidgins) elaborated. All these terms refer 
to a practical communicative technique, used in the education of deaf students, which is not a 
natural sign language, such as American or Spanish Sign language, nor a formalised signing 
system, such as Signing Exact English or Signed English. Rather, SSS is referred to as some form 
of spoken language on the hands (Mayer, 2016). It integrates semantic information of speech 
through signed lexicon, without changing the order of spoken language. The signed lexicon 
accompanying speech is borrowed from the corresponding sign language, sign markers are used 
minimally, and not every single spoken word is necessarily signed, although speech and signs are 
simultaneously produced as much as possible (Mayer, 2016). An example of sentence in SSS can 
be found in Experiment 1, Figure 1. 
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1.2.2 The alternating fortunes of the total communication approach and sign-
supported speech in education. 
During its more than 40-year history, TC had a fluctuating popularity in the education of deaf 
students. Its practice survived over the years despite the new opportunities of auditory access 
offered by universal newborn hearing screening programs, and advances in hearing technologies 
(such as the last generation of digital hearing aids and mono- or bilateral cochlear implantation) 
(Mayer, 2016). During the Seventies and the Eighties, TC was a common approach in deaf 
education in the United States (Mayer, 2016). At that time, access to auditory input was unthinkable 
for most deaf learners. Natural sign languages were not used in the education before adolescence, 
due to the misconception that the use of sign language delayed or impeded the development of 
spoken language (Spencer, 2016). In North America, sign languages were about to be recognised 
as languages of deaf communities, thanks partly to the pioneering linguistic account provided by 
Stokoe (1960). In other countries, they were still far from being accepted. In Spain, sign language 
was officially recognised much later, in the late 2000s (Ley 27/2007). Due to the lack of knowledge 
and misconceptions about natural sign languages, in their place various forms of SSS and signing 
systems were adopted in educational settings to enhance the access to oral language.  
In the late Eighties-beginning of the Nineties, an increased discontent with the outcomes of SSS 
and signing-system programs led to question their efficacy in supporting the development of oral 
language (Johnson, Liddell, & Erting, 1989). Starting in 1969, data on the Stanford Achievement 
Test (Stanford) for deaf and hard-of-hearing children was regularly collected. The comparison 
between more recent and older academic achievements reports –collected across three decades, 
from 1974 to 2003–of deaf and hard-of-hearing children in the United States did not show 
significant improvements before and after the adoption of TC and SSS methods: SSS did not 
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increase language or literacy skills (Traxler, 2000; for a review, see Qi & Mitchell, 2012). The 
various signing systems (Signing Exact English, Signed English, etc.) produced some slow 
improvements in the acquisition of some syntactic structures of spoken language (Schick & 
Moeller, 1992), but did not bring the hoped-for support in enhancing spoken language. Deaf or 
hard-of-hearing children barely achieved the same spoken language development as their hearing 
peers (Spencer & Marschark, 2010). Deaf students often had Stanford test scores below their age 
or grade level (Qi & Mitchell, 2012). 
The disappointing outcomes of SSS and other signing systems in educational settings, together 
with new interest in natural sign languages, resulted in increased popularity of programs adopting 
natural sign language (Israelite, Ewoldt, & Hoffmeister, 1992). A main problem of SSS 
communication was that it was inaccurately used. Accompanying signs only rarely replicated the 
syntactic structures of spoken language; thus, deaf children were not exposed to the actual spoken 
language through signing, nor, in general, to a real language (Cokely, 1990; Johnson et al., 1989; 
Marmor & Petitto, 1979; Spencer, 2016). In the Nineties, this problem was often remedied by 
adopting natural sign languages in deaf education programs, first in Sweden, followed by United 
Kingdom and United States (Spencer, 2016). The advantage of developing a natural language, no 
matter which, spoken or sign language, is the opportunity to access to the complex devices of a 
real language. The linguistic skills acquired in a first language, signed or spoken, can then be 
transferred for learning a second language. Despite these benefits recognised to sign languages, 
they often had a secondary role with respect to oral language and did not serve to promote direct 
interaction between hearing and deaf students. In regular schools, there were only one or two deaf 
students per classroom, individually assisted by sign-language interpreters and itinerant signing 
teachers (Russel, 2010). This contrasted with the view held by schools implementing sign 
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bilingualism, as originally conceived in special schools for the deaf in Europe and United Stated 
in the Seventies-Eighties. They looked at sign language as a fundamental skill for the acquisition 
of literacy, to be shared by all students and teachers (Hoffmeister, 2000), and a cornerstone of the 
linguistic and cultural heritage of deaf communities (Padden & Humphries, 1990). From the 
Nineties and over the 2000s, bilingual education slowly spread across various countries. Deaf 
education became more inclusive, with the expansion of co-enrolment teaching experiences 
described above. 
While the importance of sign languages in deaf education was growing, extraordinary advances in 
hearing technology and early intervention renewed the discussion about which educational setting 
provided deaf children “with the best possible opportunities for educational and personal success” 
(Knoors & Marschark, 2012, p.2). The average age of hearing loss identification has decreased to 
2 months in the United Kingdom and to 3 months in the United States. Since the beginning of the 
2000s, cochlear implantation was already available in children 18 months old or even younger and, 
by the mid-Nineties, individually programmed digital hearing aids were available in industrialised 
countries. Therefore, despite the recognition of the relevance of natural sign language in education 
of deaf children, many parents of children with CIs preferred to enrol their children in educational 
programs exclusively based on OC.  
Between the Nineties and 2000s, additional research has fed into the debate between proponents 
of OC for children using CI, and advocates of bilingual or TC settings. It has been suggested that 
SSS has the important function of supporting spoken language in children with CIs with bilingual 
bimodal skills thanks to the redundant multichannel message that it provides (Knoors & Marschark, 
2012). For example, lexemes unfamiliar in one linguistic modality can be known in the other. 
However, research data are inconsistent in supporting this idea. On one hand, compared to children 
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with CIs in TC programs, those enrolled in OC programs have better speech perception (Archbold 
et al., 2000; Geers, Brenner, & Davidson, 2003), production (Geers, 2004; Geers, Nicholas, & 
Sedey, 2003; Tobey et al., 2000; Uchanski & Geers, 2003), and overall language (Geers et al., 
2003; Kirk, Miyamoto, Ying, Perdew, & Zuganelis, 2000; Svirsky, Robbins, Kirk, Pisoni, & 
Richard, 2000). However, these improvements in speech were usually only marginal (Archbold et 
al., 2000; Geers et al., 2003; Svirsky et al., 2000). On the other hand, studies have found significant 
advantages in vocabulary acquisition for early-implanted children in TC settings compared to those 
attending OC programs (Connor, Hieber, Arts, & Zwolan, 2000; Yoshinaga-Itano, 2006), which 
emphasizes early language stimulation (Connor et al., 2000). SSS might have a significant role in 
the promotion of early communicative exchanges, supporting deaf children’s socio-emotional 
growth (Yiu & Tang, 2014). SSS receptive skills positively predicted learning in one study 
(Convertino, Marschark, Sapere, Sarchet, & Zupan, 2009), but in others communicative modes did 
not impact learning (Robbins, Bollard, & Green, 1999), with deaf students learning in the 
classroom as much from SSS as from other forms of communication (Cokely, 1990; Marschark, 
Sapere, Convertino, Seewagen, & Maltzen, 2004). A recent systematic review of studies with 
children with CIs published between 1999 and 2013 analysed which communicative mode better 
predicted successful linguistic outcomes. The authors concluded that very limited evidence exists 
to determine whether the simultaneous use of signs and spoken words is more effective than spoken 
language alone to foster oral language (Fitzpatrick et al., 2016).  
Differences in the outcomes from different studies testing the effectiveness of educational 
approaches can be due to a range of factors. A limited number of participants or comorbid 
disturbances not diagnosed that might affect participants performance are some. More common 
complications concern the lack of standardised tests for assessing sign language competence (Mann 
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& Haug, 2016; Spencer, 2016), and inconsistency in the implementation of TC programs (Mayer, 
2016), due to the lack of standardisation in the signs used in SSS (Caccamise, Ayers, Finch, & 
Mitchell, 1997; Mayer, 2016). Deaf learners often found the forms of SSS used by the teachers 
confusing (Johnson et al., 1989). In turn, they found SSS hard (Bernstein, Maxwell, & Matthews, 
1985), because of the limited training in sign language, especially when TC programs were first 
implemented (Power, 2009). Knoors and Marschark (2012) highlighted the importance of intensive 
training in SSS of parents and practitioners involved in the education of deaf children; they must 
acquire the ability to continue to speak fluently and express semantic content with conceptually 
appropriate signs.  
More importantly, most of this research assessed children’s language skills either in TC/SSS 
settings or in OC settings, but rarely within the same group of participants (Giezen, Baker, & 
Escudero, 2014), and this mostly in case studies (Klatter-Folmer, van Hout, Kolen, & Verhoeven, 
2006). The comparison of OC and SSS methods within the same group of individuals with CIs 
revealed more encouraging and promising results for SSS (Blom & Marschark, 2015; Blom, 
Marschark, & Machmer, 2016; Giezen et al., 2014; van Berkel-van Hoof, Hermans, Knoors, & 
Verhoeven, 2016). SSS with students with CIs has been found to impact positively the acquisition 
of new vocabulary (Giezen et al., 2014) even in learning pseudo words for unfamiliar objects (van 
Berkel-van Hoof et al., 2016). This was consistent with the Dual Coding Theory (Paivio, 2010; 
Paivio, Clark, & Lambert, 1988), according to which information processed by dual channel, 
visual-manual and auditory-oral, creates a stronger connection in memory. SSS had positive results 
compared to OC also in transmitting information in classroom contexts, when transmitting complex 
contents (Blom & Marschark, 2015) and during noisy situations (Blom et al., 2016). CIs are 
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undoubtedly very efficient in one-to-one interactions, but less so in noisy contexts like classrooms 
(Battmer et al., 2010).  
Importantly, there is no evidence that sign language or SSS impede spoken language development 
in children with or without CIs (Spencer & Marschark, 2010). The redundant information provided 
by signs can sustain spoken information, conveying meaning even when speech is auditory or 
visually barely perceived. In this perspective, SSS would not be expected to improve linguistic 
skills, but it should simply be used as a device to integrate and sustain spoken message. In some 
contexts, children could greatly benefit from using sign language or SSS. First, because before 
cochlear implantation, in the first months of life, children will need the richest linguistic 
environment possible to develop fundamental linguistic and cognitive skills; this will necessarily 
be visual and can be provided by sign language. Second, signed communication will also be 
important in the first period after implantation, as a bridge of communication. Third, even when 
children have completed their training in the use of CIs, they will not always able to profitably use 
the CIs, for example in noisy contexts, or simply when equipment temporarily malfunctions occur 
or batteries are dead. Finally, SSS will be especially important when the child is very young or 
when the student is instructed to carry out a very demanding task (Knoors & Marschark, 2012).  
There is a substantial agreement in that early identification of hearing loss and early intervention 
guarantee better outcomes in language and literacy development (Spencer, 2016). Children with 
early implantation, who are more likely to develop better spoken language than children fitted with 
CIs at a later age, are usually enrolled in OC programs. Parents of children who barely managed to 
develop language after cochlear implantation might prefer to enrol their children in TC programs 
(Archbold et al., 2000). This relationship between the age of implantation and the use of OC clearly 
emerged in a study by Holt, Svirsky, Neuburger, and Miyamoto (2004), where most children 
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implanted before 12 months of age (88 %), were likely to use OC exclusively, while only 44.3% 
of children implanted at the 4th year of age did so. However, it has been suggested that all children, 
with or without CIs, should have an early exposure to signed communication because it can be an 
additional resource in communication.  
After an exhaustive review of deaf children development in distinct educational environments —
spoken, sign language or sign-supported speech based—, Lederberg, Schick and Spencer (2013) 
concluded that the ideal strategy for enhancing language in deaf children would be to monitor 
children needs at various stages of language development and adapt the most fruitful approach for 
each specific stage and communicative need. Depending on the learner’s needs, signs, in concert 
with spoken language input, will be used to a greater or less extent, all the way from conveying 
only some key lexemes to even marking spoken morphology. Children with a full range of options 
offered by visual and auditory channels benefit from the opportunity to shift across different 
communicative modalities, especially when implanted at an early stage (Tait, De Raeve, & 
Nikolopoulos, 2007; Watson et al., 2006).  
In conclusion, we could rethink the role of TC in terms of how it helps deaf learners to access 
information. Functional communication, all the way from initial parent-child exchanges, strongly 
affects quality of life. For deaf individuals, this can be achieved by using the language modality —
spoken language, sign language or sign-supported speech— most appropriate for each specific case 
(Kushalnagar et al., 2011). Knoors and Marschark (2012) encouraged hearing parents of children 
with CIs to learn and use sign language on regular basis, especially for supporting spoken language. 
Children with a richer early linguistic input, signed or oral, are more likely to develop better reading 
skills (Harris & Beech, 1998; Lichtenstein, 1998), improved social exchanges, and linguistic and 
academic outcomes, at least during the early years (Calderon & Greenberg, 1997). Deaf parents 
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mostly choose bilingual-education options for their deaf children. In contrast, hearing parents with 
deaf children need to carefully evaluate the different educational options for their children. For 
hearing parents, a sign bilingual education implies the additional effort of learning a sign language 
and the cultural values involved.  
1.3 The Specificity of Deaf Profiles 
“Deaf children are not simply hearing children who cannot hear”: the provocative quotation from 
Marschark and Knoors (2012, p.112) aims to stress the importance for education of bearing in mind 
the differences in learning and cognition between deaf and hearing students. Prior research had 
provided evidence of differences in academic performance. Deaf students lag their hearing peers 
in different areas (Marschark, Sapere, Convertino, & Pelz, 2008), including visual-spatial 
processing (Blatto-Vallee, Kelly, Gaustad, Porter, & Fonzi, 2007; Marschark, Morrison, 
Lukomski, Borgna, & Convertino, 2013). This is contrary to the common belief that deaf 
individuals are more skilful than hearing persons in visual tasks. Despite the reliance on vision for 
language, deaf learners are not necessarily visual learners (Marschark et al., 2013). Deaf and 
hearing students show a different organisation and use of concept knowledge, and different 
cognitive strategies and experiences that can affect academic outcomes (Marschark, 2003). 
Identifying the ways in which deaf or hard of hearing students differ from hearing students is an 
essential step to adjust instructional materials and methods (Knoors & Marschark, 2015; Marschark 
& Knoors, 2012).  
However, deafness refers to a widely heterogeneous population which differs on many dimensions. 
Some of the more relevant are aetiology, age of onset of hearing loss, and the degree of the loss. A 
hearing loss can be genetic or acquired and, in the latter case, can have prenatal, perinatal, or 
postnatal causes. Language development is critically affected by whether the onset of deafness 
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onset is prior to or follows language acquisition (prelingual or postlingual deafness, respectively) 
as well as the degree (severity) of hearing loss. A commonly used classification of hearing loss 
severity is provided by the International Bureau for Audiophonology (BIAP Recommendation 
02/1, 1996). In a normal or subnormal hearing, the average tone loss is below 20 dB. A mild hearing 
loss, with an average tone loss between 21 and 40 dB, causes difficulties if the voice perceived is 
low-pitched or distant from the subject. A moderate hearing loss of 1st degree, from 41 to 55 dB, 
and 2nd degree, from 56 to 70 dB, allows to perceive speech if the voice is loud. If the hearing loss 
is severe, of 1st degree, from 71 to 80 dB, and 2nd degree, from 81 to 90 dB, speech is perceived is 
the voice is loud and close to the ear. If the hearing loss is between 91 to 119 dB, across three 
degrees of progressive seriousness, it is classified as very severe hearing loss, also known as 
profound hearing loss (Clark, 1981). Finally, if the average tone loss is over 120 dB, the individual 
suffers of a total hearing loss, or cophosis.  
Based on the combination of these variables, the term deafness is an umbrella-term for a great 
variety of cases. The variety within deaf population is increased by the technology eventually used 
to access audition, either hearing aids or CIs, and by the preferred language to communicate, either 
sign or oral language. Research on language and cognition in deafness mainly focused on 
individuals severely to profoundly deaf either with CIs or with native knowledge of sign language.  
Research on children with CIs, in particular children with early access to audition due to early 
implantation, before 12 months of age, addresses the issue of the effects of language deprivation 
even if only for the first months after birth. On the other hand, native deaf signers, who are deaf 
children born from deaf parents, learning sign language as their native first language, give the 
possibility to study the impact of deprivation of audition, but not language deprivation, on cognitive 
and linguistic output.  
 
 INTRODUCTION 
39 
 
 
In the following, research on CI users and native deaf signers will be discussed more in-depth, 
highlighting the respective role in cognitive and linguistic development of deprivation of audition 
and native exposure to sign language. In fact, the association between good language skills and 
higher-level cognitive skills in deaf population (Figueras, Edwards, & Langdon, 2008; Horn, 
Davis, Pisoni, & Miyamoto, 2005; Kronenberger, Pisoni, Harris, et al., 2013; Kronenberger, 
Colson, Henning, & Pisoni, 2014) can be explained either referring to the reduced period of 
auditory deprivation (children with early CIs) or to an early language exposure (native signers).  
1.3.1   Children with cochlear implants.  
A cochlear implant (CI) is an electronic hearing prosthesis, surgically implanted, which replaces 
hair cells of the cochlea with electrodes. It is not very beneficial if deafness is caused by problems 
in other parts of the hearing system, such as the brainstem, midbrain, or cortical areas. CIs are 
effective only in children with a profound or, occasionally, severe degree of hearing loss. As in 
many other industrialised countries, in Spain cochlear implantation for deaf children became 
popular from the beginning of the Nineties (Juárez-Sánchez & Monfort, 2010; Manrique & Huarte, 
2002). At that time, a large body of research provided evidence for the improved speech perception 
and linguistic outcomes of children with CIs, compared to children with analogous hearing loss but 
using hearing aids (Dawson, Blamey, Dettman, Barker, & Clark, 1995; Tomblin, Spencer, Flock, 
Tyler, & Gantz, 1999). CIs have been demonstrated to be especially effective when activated at an 
early age, before two years (Connor, Craig, Raudenbush, Heavner, & Zwolan, 2006; Holt & 
Svirsky, 2008; Manrique, Cervera-Paz, Huarte, & Molina, 2004; Miyamoto, Houston, Kirk, 
Perdew, & Svirsky, 2003; Nikolopoulos, Dyar, Archbold, & O’Donoghue, 2004; Tomblin, Barker, 
Spencer, Zhang, & Gantz, 2005). Nevertheless, it is important to bear in mind that CIs do not 
restore normal hearing and do not involve rapid adaptation, entailing tuning and continuous 
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adjustment of the perceptual processes. The variability in performance of children with CIs is quite 
high. Even when cochlear implantation is provided early, children born deaf have necessarily to 
face the earliest months of life with no sound, thus their auditory experience is not equivalent to 
that of hearing children. Critically, deprivation of sound at early developmental stages might affect 
processes that are not directly related to hearing and audition systems. Deficient performance in 
children, regardless of CI devices, might reflect dysfunction of multiple processing systems 
associated with deafness and language delay (Leigh, 2008). The duration of deprivation of audition, 
before cochlear implantation, is also associated to delays in socialisation and daily living skills. 
However, the motor development does not directly correlate to the period of deprivation of 
audition, although it can be affected by spoken language skills (Horn et al., 2005). 
In the next sections, the brain cross-modal reorganisation, the executive functions and the linguistic 
outcomes in children with CIs are presented in greater detail.  
1.3.1.1 Brain plasticity. 
Research on neuroplasticity has consistently reported the impact of sensory deprivation in one 
modality on the development of the remaining modalities.  
Deaf individuals show increased tactile accuracy (Levänen & Hamdorf, 2001) and enhanced visual 
attention, primarily in the peripherally visual field (Bavelier et al., 2000; Dye & Bavelier, 2013; 
Proksch & Bavelier, 2002). Studies on brain plasticity indicate that primary sensory areas, which 
normally would serve to process information from the deprived auditory modality, are involved in 
cross-modal compensatory adaptation, processing information from the remaining modalities. 
Thus, auditory areas are active during visual and somatosensory processing in deaf individuals 
(Auer, Bernstein, Sungkarat, & Singh, 2007; Finney, Fine, & Dobkins, 2001).  
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Children with CIs offer a unique view from a neurodevelopmental perspective to observe brain and 
neural reorganisation after a period of auditory deprivation and, consequently language delay 
(Pisoni et al., 2008). The more effective and extensive cross-modal plasticity is, the less sensory 
implants —aimed to restore the idle sensory modality— are likely to be successful. Thus, the 
effectiveness of CIs might be hindered by cross-modal reorganization before implantation, that 
implies a visual ‘takeover’ of the auditory modality and could compromise the ability of auditory 
cortex to process spoken language after the activation of CIs (Kral & Sharma, 2012; Lyness, Woll, 
Campbell, & Cardin, 2013). Campbell, Macsweeney, and Woll (2014), focusing on profound 
prelingual deaf children who never received acoustic input before cochlear implantation, argued 
that the exposure to non-auditory signals before implantation distorts the function of the auditory 
cortex, negatively impacting on CIs effects and speech outcomes. There are critical periods for the 
phases of sensory development, and experience can significantly modify human behaviour and 
related aspects of brain functioning during this sensitive period. Cross-modal reorganisation in deaf 
children implies a visual takeover of the auditory modality, limiting the benefits from the 
amplification provided by CIs (Kral & Sharma, 2012). For this reason, sign language exposure in 
the sensitive period of language acquisition has been considered a risk for the preservation of the 
potential of the auditory cortex to process auditory input in future after cochlear implantation 
(Giraud & Lee, 2007). Even forms of visual language associated to spoken language, such as 
speechreading, if used before cochlear implantation, could have an impact on crossmodal plasticity, 
and hinder the functioning of the auditory modality in favour of the compensatory changes in the 
visual modality (Hirano et al., 2000). In some implantation programs, training of the auditory 
modality is strongly promoted to the expense of visual support, and sign language, speechreading, 
or cued speech are banned from the language training of deaf children prior to implantation (Chan, 
Chan, Kwork, & Yu, 2000; Ingvalson & Wong, 2013; Yoshida, Kanda, & Miyamoto, 2008).  
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1.3.1.2 Executive functions in children with cochlear implants. 
Different studies have explored how cognitive functioning in CIs users changes following brain 
and neural reorganisation (Beer, Kronenberger, & Pisoni, 2011; Hintermair, 2013; Kronenberger, 
Colson, et al., 2014; Pisoni, Conway, Kronenberger, Henning, & Anaya, 2010). Executive 
functioning is one of the more interesting areas of research. Speech perception and spoken language 
comprehension and the development of executive functions could influence each other. Not only 
do executive functions affect outcomes in language development but also, reversely, linguistic 
skills predict the development of executive functions. For example, early language and processing 
speed abilities in two-year-old children have been found to predict later working memory capacity 
(Marchman & Fernald, 2008).  
Deaf children born to hearing parents provide a unique opportunity to explore the relation of 
executive functioning and early exposure to language, both in spoken and signed modalities. Even 
children who received CIs at an early age (before 12 months) have a comparatively late exposure 
to language (Kronenberger, Beer, Castellanos, Pisoni, & Miyamoto, 2014; Pisoni et al., 2010). In 
addition, research programs on executive functioning are necessary to explain individual 
differences in outcomes after cochlear implantation (Pisoni et al., 2008). 
Some studies have measured executive function in deaf children by using the Behavioural Rating 
Inventory of Executive Functions (BRIEF) questionnaire, developed by Gioia, Isquith, Guy, & 
Kenworthy (2000). Studies using this questionnaire reported limitations in executive functions in 
deaf children with and without CIs, as measured by parents and teachers (Beer et al., 2011; 
Hintermair, 2013; Kronenberger, Colson, et al., 2014; Pisoni et al., 2010). Their results were 
consistent with those obtained using a variety of other assessment tools, such as the Child 
Behaviour Checklist, Parenting Stress Index, or the Strengths and Difficulties Questionnaires, 
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among others (Abidin, 1995; Achenbach & Rescorla, 2000; Barker et al., 2009; Dammeyer, 2010; 
Goodman, 1997).  
A large body of research has been produced looking more specifically at short-term and working 
memory (Cowan, 2005). Studies by Geers and her colleagues of the Central Institute for the Deaf 
(CID) (Geers, Brenner, & Davidson, 2003; Pisoni & Geers, 2001) with a large group of CI users 
revealed that children with CIs had an atypical short-term memory capacity, more limited than 
hearing peers, and that this difference significantly correlated to spoken word recognition, also 
poorer in CI children. Overall, CI children had shorter digit spans, slower speed of verbal rehearsal, 
and delays in scanning and retrieving verbal information from short-term memory, compared to 
hearing peers. Geers and collegues suggested that children with CIs and hearing children had 
different verbal coding strategies and automatized phonological processing skills. 
In recent studies (Kronenberger, Pisoni, Harris, et al., 2013; Kronenberger, Colson, et al., 2014), 
early implanted CI users with long-term experience with CI stimulation, were compared in working 
memory capacity, fluency-speed and inhibition-concentration to age-matched hearing children. 
Despite the above-average nonverbal IQ, CI users performed lower than hearing controls on nearly 
all measures.  
The role of executive functions in long-term CI users has even been tested even in processes that 
are not directly related to hearing, such as repetition priming, procedural learning, and the encoding 
and storing of temporal sequences in long-term memory. Deafness appears to have a broad effect 
on the allocation of attentional resources and processing of sequences and temporal patterns, 
independently from the input modality (Marschark & Wauters, 2008; Pelz, Marschark, & 
Convertino, 2008).  
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Executive functions are also related to higher-order cognitive skills, such as conceptual thinking 
and concept formation (Castellanos et al., 2015). Deaf participants matched on nonverbal IQ to 
hearing age-match control participants, have more difficulties in concept formation, specifically 
when it involves multiple comparisons between visual objects or relational concepts. These 
difficulties in deaf CI users were predicted by measures of language and executive functions, 
namely working memory and inhibition-concentration. 
1.3.1.3 Linguistic outcomes after cochlear implantation. 
The variability in spoken language achievements of CI users is one of the most investigated and 
unresolved issues in the field of deafness (Pisoni et al., 2010). Apart for those early CI users 
referred to as “stars” by Pisoni and Cleary (2003), who perform similarly to hearing controls in 
spoken language tasks only two years after implantation, the majority of implanted children 
perform below average on language scores, with substantial variability (Pisoni et al., 2008). 
Spencer (2016) also noticed a great variability in children implanted in the first months after birth. 
Considering deafness as a disability that involves not only the auditory system, but also a more 
complex range of integrated cognitive functions, might help to explain these persistent differences. 
Castellanos, Pisoni, Kronenberger, and Beer (2016) point out that it is impossible to identify, before 
or during the first years after cochlear implantation, the children who will develop atypical speech, 
language, and cognitive trajectories. There are no behavioural or electrophysiological measures 
that could reliably detect symptoms of future poor comprehension and disturbances in cognitive 
system. Low-functioning deaf children are a very heterogeneous group, and deafness can often 
occur with several comorbid disturbances which further complicate language processing and make 
outcome from the use of CIs unpredictable. Introducing sign language after cochlear implantation 
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to the aim of creating a grammatical bulk for the development of information processing skill might 
be too late and atypical language development might already be manifest. 
Despite variable outcomes after implantation, the linguistic skills of CIs users are below-average. 
This should not obscure the fact that they still outperform children with similar hearing loss but not 
using CIs (Lyness et al., 2013; Stacey, Fortnum, Barton, & Summerfield, 2006).   
An early age of implantation is crucial for obtaining the best performance with CIs, as it is related 
to better development of spoken language. Improvements of deaf children in language 
development, vocabulary size, syntactic, and pragmatic skills, are related to early identification of 
hearing loss and early intervention (Connor et al., 2006; Miyamoto et al., 2003; Tobey et al., 2013). 
Children who receive the CIs before the age of two have a greater possibility of reaching age-
appropriate linguistic milestones at the age of five or six years, than if they are implanted at a later 
age (Nicholas & Geers, 2007; Svirsky, Teoh, & Neuburger, 2004). Speech production and speech 
comprehension in children implanted before the age of two is also higher than in children implanted 
between two and six years of age (Manrique, Cervera-Paz, Huarte, & Molina, 2004). Children 
implanted before the age of two frequently achieved age-appropriate linguistic proficiency in 
several measures: 50% of participants were age-appropriate on measures of receptive vocabulary, 
58% on expressive vocabulary, 46% on verbal intelligence, 47% on receptive language, and 39% 
on expressive language (Geers et al., 2009). An even earlier window has been found for vocabulary 
acquisition (Connor et al., 2000; Kirk et al., 2000), with differences found for implantation ages as 
low as 12 to 14 months (Colletti, Mandalà, & Colletti, 2012; Leigh, Dettman, Dowell, & Briggs, 
2013; Nicholas & Geers, 2013).  
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Nevertheless, even with early implantation, many children with CI show delays in their language 
development. The delay varies according to the linguistic domain being considered (Nicholas & 
Geers, 2013). Although CI users show poor vocabulary compared to age-appropriate levels, 
(Connor et al., 2000; Fagan, 2015), acquisition of grammar is even more likely to be delayed 
(Caselli, Rinaldi, Varuzza, Giuliani, & Burdo, 2012; Duchesne, Sutton, & Bergeron, 2009), 
although in different degrees depending on the language. Inflectional morphology and functional 
words are more challenging for deaf individuals, with or without CIs.  
Numerous recent studies assessed the progress in grammar acquisition in relation to the age of 
implantation and to the type of implantation (unilateral or bilateral). There is a substantial 
consensus in identifying a borderline of two years of age for the prediction of different speech and 
language outcomes in grammar acquisition. Less agreement exists around the limit of 12 months: 
some studies find positive evidence (Cuda, Murri, Guerzoni, Fabrizi, & Mariani, 2014; Leigh et 
al., 2013), but others do not (Dunn et al., 2014; Szagun & Stumper, 2012). Even with respect to the 
type of implantation, the eventual additional benefits for grammatical development due to bilateral 
implantation are unclear, again with positive (Boons et al., 2012) and negative findings (Caselli et 
al., 2012; Nicholas & Geers, 2013; Niparko et al., 2010).  
Another relevant factor for observing improvements in language acquisition, specifically 
grammatical knowledge, is the amount of time since the cochlear implantation (Cuda et al., 2014; 
Nicholas & Geers, 2013; Rinaldi & Caselli, 2014). Some studies have specifically found that 
vocabulary knowledge is commensurate to the duration of cochlear implant experience (Fagan & 
Pisoni, 2010), stressing the relevance of auditory experience in spoken word learning. However, 
these advantages are primarily found in children. Discouraging results indicate that CIs are not a 
predictor of academic performance in secondary-school students (Harris & Terlektsi, 2011; 
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Marschark, Shaver, Nagle, & Newman, 2015) or in college students (Convertino et al., 2009). 
Furthermore, the use of CIs does not increase the chance of incidental learning and the access to 
word and world knowledge, as emerged by the comparison of college students with and without 
CIs (Convertino, Borgna, Marschark, & Durkin, 2014). It should be highlighted that these 
outcomes might relate to the age of implantation of participants, relatively late by current standards, 
with a mean age of 8 years. 
 1.3.2 Native sign language users. 
Native sign language users (deaf children born in deaf family) are a vast minority, representing 
only 5% of the total of the deaf population. Deaf children born in deaf families are usually exposed 
to a natural sign language from birth. Sign language spontaneously develops within a community 
of deaf individuals and is transmitted across generations. Its phonology, morphology and syntax, 
evolves naturally within this community, develops increasingly richer structures and becomes as 
complex as spoken languages. 
Like hearing infants, if exposed to a natural sign language from birth within their deaf families, 
deaf babies are reported to babble with their hands and are likely to become proficient users of their 
native sign language. Contrarily, deaf children raised by hearing parents will barely achieve the 
same proficiency in sign language as native signers (Pinker, 1994).  
In the absence of confounding factors, such as comorbidity associated with deafness, native deaf 
signers provide a natural experiment with which to explore brain plasticity and to test the 
hypothesis according to which the lack of auditory stimulation in deaf individuals is compensated 
with the remaining modalities (Bavelier, Dye, & Hauser, 2006). 
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1.3.2.1 Brain plasticity. 
Congenitally deaf native signers are an interesting population for studying neural plasticity. This 
is because changes in the brain neuroanatomy can be connected to both cognitive factors —related 
to the learning of a signed language, for example—, and factors related to sensory deprivation. 
Cognitive factor and sensory deprivation would affect distinct substrates anatomically and 
functionally. Sign language learning causes plastic changes in the left superior temporal cortex, 
while auditory deprivation causes plastic effects in the right superior temporal cortex, as emerged 
by comparing profound deaf native signers to orally educated profound deaf non-signers (Cardin 
et al., 2013). Functional neuroimaging studies provide evidence for an additional activation of the 
left parietal lobe during sign language processing that it is not detected in spoken language 
processing (Emmorey, Mehta, & Grabowski, 2007; MacSweeney, Capek, Campbell, & Woll, 
2008). This difference is reported for signers, both deaf and hearing, compared to non-signers, and 
consequently has been attributed to sign language expertise (Allen, Emmorey, Bruss, & Damasio, 
2008).  
A recent MRI study, comparing profoundly congenitally and genetically deaf persons with native 
America Sign Language to hearing individuals, detected a network of brain areas with an enhanced 
responsiveness to peripheral visual stimuli in deaf individuals. In particular, higher responsiveness 
to peripheral rather than perifoveal visual stimuli was evident in the Heschl’s gyrus regions, were 
human primary auditory cortex is located, highlighting a functional connection between the 
primary auditory cortex and the cross-modal compensatory processing (Scott, Karns, Dow, 
Stevens, & Neville, 2014).  
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1.3.2.2 Visual cognition in deaf native signers. 
With regards to visual cognition in deaf native signers, Bavelier, Dye, and Hauser (2006) pointed 
out that changes following congenital deafness are highly specific. No differences between deaf 
and hearing individuals have been found in sensory measures, such as brightness discrimination, 
visual flicker, aspects of contrast sensitivity, or direction and velocity of motion (Bosworth & 
Dobkins, 1999, 2002; Brozinsky & Bavelier, 2004; Finney et al., 2001). Deaf native signers have 
been found to have better visual-spatial skills than hearing individuals in some domains, but not in 
others. Studies on visual attention, controlling for confounding variables such as language fluency 
and aetiology of hearing loss, show enhanced visual cognition in deaf native signers with respect 
to hearing individuals, with faster shifts of visual attention (Rettenbach, Diller, & Sireteanu, 1999) 
and increased peripheral visual attention (Proksch & Bavelier, 2002). Deaf native signers and 
hearing controls performed differently especially when visual stimuli, peripheral located or in 
motion, required attentional selection (Neville & Lawson, 1987a; Neville & Lawson, 1987b). In 
fact, studies on attentional orienting and executive attention, do not find differences between deaf 
and hearing participants in the processing of central stimuli. Differences were found when 
experimental tasks opposed central and peripheral stimuli to each other. In the well-known series 
of studies by Proksch and Bavelier (2002), using the useful field of view (UFOV) paradigm, deaf 
and hearing participants were required to identify a shape appearing in the central region, around 
the locus of fixation. Reactions times revealed that native deaf signers were longer in processing 
the trials with distractors in the periphery and faster when the distractors appeared in the central 
region of fixation, contrarily to hearing participants. However, when participants were involved in 
a peripheral task and were asked to ignore central distractors, hearing individuals were more 
distracted than deaf individuals. Taken together these findings suggest that the distraction effect 
does not provide evidence for a deficiency in visual attention in deaf individuals, rather it indicates 
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the emergency of a compensatory mechanism that results in a different distribution of attentional 
resources across the visual field in deaf and hearing individuals (Bavelier et al., 2006).  
1.3.2.3. Executive functioning in deaf native signers. 
While native and non-native signers have in common the initial deprivation of audition, they do 
not have equivalent experiences of early linguistic input. In fact, native signers are exposed from 
birth to the sign language of their parents and family. Around 50% of deaf children of hearing 
families who qualify for a CIs effectively undergo implantation, unlike children of deaf parents, 
who a very rarely implanted (Hall, Eigsti, Bortfeld, & Lillo-Martin, 2017b). Exposure to language 
during the prenatal period and the first months of life, seems to be determinant for the development 
of child language and cognitive functioning. Native signers are exposed to signs immediately after 
birth, initially by touch and soon after, also visually (Knoors, 2016).  
As consequence, the study of deaf native signers allows us to explore the link between language 
skills and executive functions, controlling for the amount of auditory deprivation. Differences 
between deaf children with and without native sign language are understood to be the result of an 
integrated system that includes the auditory system and the cognitive functions, primarily executive 
functions.  
Research in this area indicates that early exposure to a language has a strong impact on the 
development of executive functions, and other cognitive and behavioural functions. Deaf native 
signers performed similarly to hearing children with respect to theory of mind (Courtin, 2000; 
Schick, de Villiers, de Villiers, & Hoffmeister, 2007), IQ (Braden, 1987) or sustained attention 
(Dye & Hauser, 2014). In Hall et al. (2017b), deaf native signers were reported to have age-typical 
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executive functions on the BRIEF questionnaire, although with slightly lower scores in working 
memory and inhibition than a hearing age-equivalent control group.  
Within executive functions, working memory has been extensively studied. While deaf children 
with no native sign language have, on average, shorter working memory spans in different tasks 
(Pisoni et al. 2008), native signers have a comparable working memory to hearing individuals 
(Boutla, Supalla, Newport, & Bavelier, 2004), and, even a superior visual-spatial memory than 
individuals with no sign languages (Hall & Bavelier, 2010). Marshall et al. (2015) found that deaf 
children who experienced a period of language deprivation scored worse than hearing children, 
while deaf native-signing children had a memory performance comparable to that of hearing 
controls. 
The differences in working memory tasks could descend from language-based executive 
functioning (Marschark, Spencer, et al., 2015; Pisoni et al., 2010). Deaf individuals, regardless of 
their preferred language modality, have been found to perform similarly to hearing individuals in 
visual-spatial memory tasks which do not allow easy labelling or verbal-sequential coding. Deaf 
native signers even outperformed hearing peers in visual-spatial memory tasks, such as the Corsi 
Blocks task (Wilson, Bettger, Niculae, & Klima, 1997) and showed longer backward memory span 
than hearing controls —who are usually found to have longer forward than backward memory span 
(Wilson et al., 1997). The comparable forward and backward spans in deaf native signers could be 
explained through their use of visual spatial coding, such as visual imagery, in sequential memory 
tasks (Hall & Bavelier, 2010).  On the contrary, non-native deaf signers had major difficulties 
(Alamargot, Lambert, Thebault, & Dansac, 2007; Marschark et al., 2013). 
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But recent findings suggest that performance on visual-spatial working memory tasks might be 
more related to the proficiency in a language —spoken or signed—, rather than to the native 
knowledge of sign language (Marschark, Spencer, et al., 2015). The performance in visual-spatial 
working memory tasks, comparable in deaf and hearing individuals when not involving linguistic 
decoding, appears to be independent not only from sign language skills, but also from the hearing 
status, which is irrelevant whether participants wear CIs (López-Crespo, Daza, & Méndez-López, 
2012; Marschark, Sarchet, & Trani, 2016). These results might have important pedagogical 
implications. In fact, deaf education, especially for native signers, often resorts to the use of visual 
material and methods, based on the assumption that native signers would be visual learners 
(Hauser, Lukomski, & Hillman, 2008; Marschark & Hauser, 2012). If visual-spatial working 
memory is no better in deaf than in hearing students, the advantages of visually oriented teaching 
methods could be called into question.  
1.3.3 Deaf native signers with cochlear implants.  
Bimodal bilingual deaf children who are native signers and who underwent cochlear implantation 
are even fewer than non-implanted deaf native signers.  Only recently the attitude toward cochlear 
implant within deaf communities is becoming more positive (Paludneviciene & Leigh, 2011). 
Encouraging outcomes of deaf native signers with CIs revealed that these children were able to 
perform similarly to bimodal bilingual hearing controls with native sign language, in a full range 
of linguistic measures which include vocabulary, articulation, syntax, general language skills, and 
phonological awareness (Davidson, Lillo-Martin, & Pichler, 2014). Deaf native signers with CIs 
achieved higher spoken language scores than those predicted for monolingual CI users (Nicholas 
& Geers, 2008). A longitudinal study on the verbal acquisition of a deaf child with CIs and with 
deaf signing parents highlighted the positive impact of early exposure to sign language on the 
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construction of conceptual representations and spoken language, which reached levels of his 
hearing peers (Rinaldi & Caselli, 2014). 
 
Neuroimaging techniques, together with standardized testing and experimental behavioural 
research, have been extensively used to explain linguistic outcomes and processing in deaf 
children, both with CIs and with native sign language. Recently, research on deaf cognition has 
increasingly also incorporated eye-tracking technology, useful for the observation of visual 
behaviour in relation to the perception of linguistic inputs. 
1.4 Eye tracking 
Eye tracking is a state-of-the-art research tool increasingly used in a variety of disciplines. Eye- 
tracking technology allows direct and continuous measurement of overt visual attention. Eye 
movements during language perception might provide behavioural data supplementary to reaction 
time measures.  
In the following sections, eye-tracking research in deaf studies will be shortly reviewed to give a 
general picture of the possibilities offered by this technique and to pinpoint the use that the current 
research has done of eye movement data. A description of the different measures of eye movements 
will be outlined. For the current doctoral thesis, eye-movement data were collected with the 
purpose of obtaining information about where overt attention is driven when a deaf perceiver is 
attending SSS. 
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1.4.1 Measures of eye movements.  
Eye-movement events can be described in over a hundred of different measures. Eye-tracking 
measures can be grouped in four main classes: movement measures, position measures, numerosity 
measures, and latency and distant measures (Holmqvist et al., 2011). 
Movement measures, which track eye movements through space, provide information about 
direction, amplitude, velocity, acceleration, shape, scanpath comparison, areas of interest, and 
transition. Position measures provide information with respect to where participants are looking 
(basic position measures), the extent to which gaze data are focused or distributed (position 
dispersion measures), the similarity in the position of two groups of gaze data (position similarity 
measures), the duration of the gaze in a determined position (position duration measures), and how 
pupil dilates looking at a position (position dilation measures). Numerosity measures provide 
number, proportion or rate of countable eye-movement events, such as saccades, glissades, 
microsaccades, smooth pursuit, blinks, fixations, dwells, transitions, regressions and some others. 
Latency and distance measures convey time and space information of an eye-movement event 
related to another event, respectively. Specifically, latency measures concern time delay, recording 
the time between the on- or the offset of an eye-movement event to the on- or offset of another 
event, while distance measures concern the distance from one point to another at the same time.  
Two basic eye-tracking events are saccades and fixations. Saccades and fixations can be calculated 
directly from the raw data samples, through algorithms based on position, velocity and acceleration 
data. Saccades are rapid movements of the eyes with velocities as high as 500º per second, during 
which eyes are less sensitive to visual input (saccadic suppression). Between the saccades, the eyes 
remain approximately in the same position during fixations, when sensitivity to the visual input is 
high. Fixations are considered reliable when they are longer than a threshold of 70-80 milliseconds 
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(ms). The duration of a saccade depends on the distance covered, which usually is shorter in reading 
tasks and longer in scene perception tasks (Abrams, Meyer, & Kornblum, 1989).  
Saccades are frequent because of the limitations of the acuity of our visual system. Acuity is very 
good in the foveal region —the central 2º of vision— and is progressively reduced in the parafoveal 
region —extending from 2º to 5º from the eye fixation. Acuity is further reduced in the peripheral 
region, beyond 5º from the fixation point. Depending on its perceptual characteristics, a stimulus 
in the periphery can require a saccadic movement to be centrally perceived and recognised, or it 
can be identified through peripheral vision. For example, in reading tasks, a large letter or an object 
can be peripherally identified (Pollatsek, Rayner, & Collins, 1984), whereas a normal-size word 
could be more easily discerned by making a saccade and being perceived in the foveal region 
(Rayner & Morrison, 1981). 
1.4.2. Eye-tracking in deaf studies. 
Eye-tracking studies with deaf observers have investigated how attention is distributed across the 
visual field when processing language in reading or in sign-language communication. Eye-tracking 
data provided further evidence for the observations related to the increased peripheral vision of 
deaf observers, manly native deaf signers, found in visual attention studies (see paragraph 1.3.2.2).  
In reading tasks, skilled deaf readers, diagnosed with a severe to profound hearing loss, with early 
onset of deafness, had enhanced perceptual span compared to hearing peers, with longer saccades 
and less regressions back into the text (Bélanger, Slattery, Mayberry, & Keith, 2012).  
In sign language communication, a main issue concerns the area that deaf individuals visually 
attend to when looking at someone signing. In these studies, patterns of gaze fixations of skilled 
deaf signers with native or nearly native knowledge of sign language are compared to patterns of 
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gaze fixations of late or naïve signers and expert hearing signers. Deaf perceivers have been found 
to fixate mainly the face area during comprehension of signed communication. This was found 
both when messages in sign language were produced live by a signer (Emmorey, Thompson, & 
Colvin, 2009) and when sign language was video-recorded and presented on a screen (Agrafiotis, 
Canagarajah, Bull, & Dye, 2003; Muir & Richardson, 2005). Differences emerged in the area of 
the face attended to: it was around the eyes when perceiving sign language produced live by a 
signer and around the mouth when attending to video-recorded sign language content (Agrafiotis 
et al., 2003). Furthermore, more frequent fixations towards the mouth were detected in naïve 
signers, compared to native signers, to pick up additional information conveyed by mouthing 
(Emmorey et al., 2009). Results of these studies suggest that peripheral vision is adequate to 
perceive signs and body movements that occur away from the face region of the signer.  
Similarly, a study that analysed SSS perception (De Filippo & Lansing, 2006) found that signs 
were mostly peripherally perceived even when they were fundamental to disambiguate the sentence 
meaning. Importantly, SSS was presented with no sound, meaning that only the variables of the 
visual linguistic components, signs and lip movements, were included in this experiment.  
Eye movements have also been explored as a marker of deaf students’ attention in classroom 
contexts. The preference for visualising a lecture presented on a video-screen by an instructor in 
SSS or interpreted in sign language was tested across three groups of students, hearing students, 
skilled deaf signers and new signers and correlated to learning (Marschark et al., 2005). Two 
conditions of lectures were compared. In the first condition, the lecture was signed by the instructor 
himself using SSS (simultaneous speech and signing). In the second condition, the lecture was 
presented by the same instructor, but spoken only and interpreted by an experienced educational 
sign language interpreter. When the lecture was also interpreted in sign language, skilled signers’ 
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visual gaze was mainly allocated to the interpreter region, but new signers split their visual attention 
between the instructor and the interpreter, and hearing students kept their visual gaze on the 
instructors, shifting some attention away from the instructor and towards the interpreter. The two 
groups of deaf students did not differ in their learning under any condition (Marschark et al., 2005): 
albeit deaf students came into the classroom with less content knowledge and scored lower on 
learning assessments, they learned just as much, proportionally, as their hearing peers in both 
conditions. Interestingly, in these latter studies (De Filippo & Lansing, 2006; Marschark, et al., 
2005), eye-movement data were related to comprehension and learning.   
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Chapter 2  
Topic and Goals of this Thesis 
The goal of the present thesis was to explore the effectiveness of SSS in increasing language 
comprehension in deaf students. I specifically focused on the advantages that this communicative 
mode might also bring to students with CIs, since they are largely trained in oral language. Findings 
are intended to guide educational approaches in the classroom, with an aim to create an inclusive 
environment for hearing and deaf students in bimodal bilingual contexts of co-enrollment. Two 
main aims guided the design of the different experiments: 
1) To determine the impact on comprehension of the use of SSS in different groups of individuals 
with deafness (with CIs and native sign language), with a special focus on the production of 
inferences necessary for the construction of textual representation. 
2) To study if signs of SSS were primarily perceived via peripheral vision, to an increasingly higher 
extent depending on sign language expertise, similarly to the gaze patterns observed during sign 
language perception (Emmorey, Thompson, & Colvin, 2009). 
Considering previous research, this doctoral project addressed the research problem as follows: 
1) First, the possible advantages of the use of a bimodal communication in increasing 
comprehension were explored in comparison to the use of unimodal languages, oral and 
signed. The capability of each communicative system in equating comprehension of deaf 
students to comprehension of hearing students in spoken language was investigated. 
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2) Secondly, the effectiveness of SSS in transmitting information was compared to 
effectiveness of spoken language-alone within the same group of deaf students. Most 
studies, examining the effects of the communicative mode on language skills, adopted a 
between-subjects design, comparing group of deaf children exposed either to total 
communication/SSS or to OC (Connor & Zwolan, 2004; Janjua, Woll, & Kyle, 2002; 
Jiménez, Pino, & Herruzo, 2009; Miyamoto, Kirk, Svirsky, & Sehgal, 1999; Nicholas & 
Geers, 2003). Critically, a between-subjects design cannot control all variables that might 
affect the linguistic outcomes. This issue was overcome in this thesis by adopting a within-
subject design. 
3) Thirdly, the effectiveness of SSS was tested at discourse- and sentence-level. Positive results 
in comprehension of isolated words transmitted by SSS rather than OC were observed in 
within-subject studies (Giezen et al., 2014; Giezen, 2011) but there is a lack of research with 
regards to the impact of SSS on discourse-level comprehension (Giezen et al., 2014). In 
reading, it has been provided evidence for a major difficulty of deaf comprehenders, 
compared to hearing comprehenders, in discourse processing and inference generation (Kyle 
& Cain, 2015; Miller, 2002). This thesis investigated the eventual improvement of discourse 
comprehension thanks to the use of SSS, focusing on the construction of situation models 
and production of inferences.  
4) Fourthly, the ability of deaf students in generating inferences and, therefore, constructing 
adequate textual representations, was explored by comparing comprehension of inferential 
information to comprehension of literal information and by comparing different types of 
inferences, involving at different extent higher cognitive skills.  
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5) Fifthly, the use of eye-tracking technology in this thesis aimed to increase existing 
knowledge related to language processing and to the distribution of overt visual attention 
while perceiving communication simultaneously transmitted via two channels, speech/lip 
movements and signs. The focus of visual attention in perceiving a multimodal 
communication as SSS might reveal a bias for either speech or signs as source of 
information. Eye-tracking data, recorded for diagnostic purposes, are typically used to detect 
(overt) attentional patterns of a user with respect to a given stimulus, in off-line assessments. 
Differently, interactive applications have been conceived to respond to or interact with the 
user on the basis of the eye movements (Duchowski, 2002). Both kinds of eye-tracking 
applications, diagnostic and interactive, were implemented in this thesis:  
a. The diagnostic use of eye tracking, that provides objective and quantitative evidence 
of the observer’s overt attentional processes (Duchowsky, 2002), complied with the 
purpose of exploring where deaf individuals allocated their eye gaze while 
perceiving SSS.  
b. the interactive use of the eye tracking was implemented in one of the experiments to 
reveal the actual bias for obtaining information from lip movements or signs. A 
contingent moving window reduced the useful visual field either to the face area or 
to the signs, depending on the observer’s focus of attention.  
The recruitment of participants considered different requirements. Overall, participants were 
prelingually and severely to profoundly deaf, with knowledge of sign language. The sample 
included a group of deaf participants, familiar with sign language, who underwent cochlear 
implantation at a relatively early age, to test the hypothesis that the richer linguistic input provided 
by SSS was beneficial to their comprehension (Knoors & Marschark, 2012). A control group of 
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deaf participants not wearing CIs was also included to highlight the unique relationship between 
SSS and lexical processing in individuals with CIs (Giezen et al. 2014). Another group of 
participants were native sign language users. These participants allowed me to study the use of 
peripheral vision in perceiving unimodal vs bimodal communication in greater depth. 
Participants were adolescents, aged between 12-19 years. The choice of a sample of adolescents 
allowed me to meet two requirements. First, individuals by the age of 10-11 years have completed 
the development of event comprehension, succeeding in identifying the superordinate goal that 
connects different events of a text (Curran, Kintsch, & Hedberg, 1996; van den Broek, Bauer, & 
Bourg, 2013). Recruiting adolescents as participants thus provided control over developmental 
aspects in the assessment of comprehension. Secondly, participants with CIs in this age range, were 
all long-term CI users, and therefore it was possible to observe stable benefits produced by this 
technology. Moreover, previous studies on SSS effectiveness that have compared it with OC in 
within-subject tasks, have assessed children with CIs aged between 5 to 6 years (Giezen et al. 2014) 
and college students, CI users (Blom and colleagues, 2015, 2016). A study involving deaf 
adolescents would fill a gap in the research related to the possible benefits obtainable by the use of 
SSS in a growing population of deaf children with early CIs.  
These aspects of the research problem have been treated in four experiments, gathered in three 
studies.  
1) Study 1 (Experiment 1) tested the effectiveness of SSS within the same group of deaf 
adolescents for discourse-level comprehension, by comparing it to unimodal languages, 
spoken and sign language only. The capacity of these communicative systems to equalise 
comprehension in deaf participants with that of spoken language in hearing participants 
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was tested. Stimuli were video-recorded texts that included spatial descriptions, alternately 
transmitted in spoken language, sign language and sign-supported speech. The capability 
of participants of constructing a spatial situation model, and the extent to which SSS could 
increase the construction of the situation model was tested. Eye movements of deaf and 
hearing participants were tracked and data of dwell times spent looking at the face or body 
area of the sign model were analysed. Within-group analyses focused on differences in the 
use of peripheral vision of native and non-native signers. 
2) Study 2 (Experiment 2) tested whether the use of SSS increased participants’ 
comprehension and the capability to generate inferences. In reading, young deaf students 
have been found to struggle not only with generating inferences (Miller, 2002) but also in 
processing lower-level semantic components, such as word recognition (Kyle & Harris, 
2006, 2011). In spoken communication, the use of SSS might facilitate lexical processing, 
leaving cognitive resources available for higher-level cognitive processing, such as 
generating inferences. Stimuli were short texts randomly presented in SSS and in spoken 
language.  
3) Study 3 included two experiments (Experiment 3 and 4) that aimed to detect the extent to 
which attention, albeit covertly, is directed towards signs. Experiment 3 attempted to shift 
observers’ foveal attention in SSS, either lip movements or signs, by magnifying the face 
area, thus modifying the perceptual accessibility of lip movements, and by constraining the 
visual field to either the face or the sign with a moving window paradigm by implementing 
an interactive application of eye tracking. Experiment 4 aimed to further explore the 
reliance on signs in SSS, by occasionally producing a mismatch between sign and speech. 
In both experiments stimuli were subject-verb-object sentences.  
    
 
 
  
    
 
 
  
 
 
 
 
 
 
CHAPTER 3  
STUDY 1: AN EYE-TRACKING STUDY ON THE PERCEPTION AND 
COMPREHENSION OF UNIMODAL AND BIMODAL LINGUISTIC INPUTS BY 
DEAF ADOLESCENTS 
CHAPTER 4 
STUDY 2: INFERENCING IN DEAF ADOLESCENTS DURING SIGN-
SUPPORTED SPEECH COMPREHENSION  
CHAPTER 5  
STUDY 3: THE ROLE OF MULTIPLE ARTICULATORY CHANNELS OF 
SIGN-SUPPORTED SPEECH REVEALED BY VISUAL PROCESSING  
Part 2 
Experimental Research 
    
 
 
 
  
  
  
 
Chapter 3 
Study 1: An Eye-tracking Study on the Perception and 
Comprehension of Unimodal and Bimodal Linguistic Inputs by Deaf 
Adolescents 
 
Eliana Mastrantuono, David Saldaña, and Isabel R. Rodríguez-Ortiz 
Departamento de Psicología Evolutiva y de la Educación, Universidad de Sevilla, Spain 
 
This research was supported by the European Union’s Seventh Framework Programme for 
research, technological development and demonstration under grant agreement no 316748. 
 
Reference: 
Mastrantuono, E., Saldaña, D., & Rodríguez Ortiz, I. (2017). An eye-tracking study with deaf 
adolescents on the efficacy of sign-supported speech. Frontiers in Psychology, 8(1044). 
doi:10.3389/fpsyg.2017.01044
  
  
EXPERIMENTAL RESEARCH 
69 
 
 Abstract 
An eye tracking experiment explored the gaze behaviour of deaf individuals when perceiving 
language in spoken and sign language only, and in sign-supported speech. Participants were 
deaf (n = 25) and hearing (n = 25) Spanish adolescents. Deaf students were prelingually 
profoundly deaf individuals with cochlear implants used by age 5 or earlier, or prelingually 
profoundly deaf native signers with deaf parents. The effectiveness of sign-supported speech 
has rarely been tested within the same group of children at discourse-level comprehension. 
Here, video-recorded texts, including spatial descriptions, were alternately transmitted in 
spoken language, sign language and sign-supported speech. The capacity of these 
communicative systems to equalise comprehension in deaf participants with that of spoken 
language in hearing participants was tested. Within-group analyses of deaf participants tested 
if the bimodal linguistic input of sign-supported speech favoured discourse comprehension 
compared to unimodal languages. Deaf participants with cochlear implants achieved equal 
comprehension to hearing controls in all communicative systems while deaf native signers with 
no cochlear implants achieved equal comprehension to hearing participants if tested in their 
native sign language. Comprehension of sign-supported speech was not increased compared to 
spoken language, even when spatial information was communicated. Eye movements of deaf 
and hearing participants were tracked and data of dwell times spent looking at the face or body 
area of the sign model were analysed. Within-group analyses focused on differences between 
native and non-native signers. Dwell times of hearing participants were equally distributed 
across upper and lower areas of the face while deaf participants mainly looked at the mouth 
area; this could enable information to be obtained from mouthings in sign language and from 
lipreading in sign-supported speech and spoken language. Few fixations were directed towards 
the signs, although these were more frequent when spatial language was transmitted. Both 
native and non-native signers looked mainly at the face when perceiving sign language, 
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although non-native signers looked significantly more at the body than native signers. This 
distribution of gaze fixations suggested that deaf individuals – particularly native signers – 
mainly perceived signs through peripheral vision.  
Keywords: eye-tracking, deaf students, cochlear implants, native signers, discourse-level 
comprehension, sign-supported speech, peripheral vision.  
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Abstract 
We tested the capability of deaf adolescents, including a group of users of cochlear implants, 
to generate inferences during spoken language comprehension, and whether they benefited 
from the use of sign-supported speech (SSS). Stimuli consisted of twenty-four short video-
recorded texts in spoken language and in SSS. Participants responded to literal and inferential 
multiple-choice questions. In spoken language, cochlear implant users had more difficulty in 
processing inferential than literal information and found predictive inferences harder than 
associative inferences. The level of spoken language proficiency was related to inference 
generation, especially for predictive inferences. Similarly, deaf native signers had more 
difficulties in generating predictive inferences, although SSS increased their comprehension. 
Lipreading skills and working memory were positively related to accuracy in SSS. The 
inclusion of SSS only had a positive impact on the comprehension of native signers. Results 
suggest that cochlear implant users would benefit from an intervention to enhance verbal skills. 
 
Keywords: spoken language comprehension, sign-supported speech, predictive inferences, 
associative inferences, native signers, cochlear implant users.  
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Chapter 5 
Study 3: The Role of Multiple Articulatory Channels of Sign-
Supported Speech Revealed by Visual Processing 
 
 
Abstract 
Purpose: The use of sign-supported speech (SSS) in the education of deaf students has been 
recently discussed in relation to its usefulness with deaf children using cochlear implants. To 
clarify the benefits of SSS for comprehension, two eye-tracking experiments aimed to detect 
the extent to which attention is directed towards signs.  
Method: Participants were 36 deaf adolescents, including cochlear implant users and native 
deaf signers. Experiment 3 attempted to shift observers’ foveal attention to the linguistic source 
in SSS from which most information is extracted, lip movements or signs, by magnifying the 
face area, thus modifying lip movements perceptual accessibility (magnified condition), and by 
constraining the visual field to either the face or the sign through a moving window paradigm 
(gaze contingent condition). Experiment 4 aimed to explore the reliance on signs in SSS, by 
occasionally producing a mismatch between sign and speech. Participants were required to 
concentrate upon the orally transmitted message.  
Results: In experiment 3 analyses revealed a greater number of fixations toward the signs and 
a drop in accuracy in the gaze contingent condition across all participants. Fixations towards 
signs were also increased in the magnified condition in native signers. In experiment 4, results 
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indicated less accuracy in the mismatching condition across all participants. Participants with 
cochlear implants looked more at the sign when it was inconsistent with speech.  
Conclusions: All participants rely on signs when attending SSS. Hence, when focusing on the 
face area, they might be monitoring signs through peripheral vision to integrate speech. 
 
Keywords: sign-supported speech, eye tracking, cochlear implant users, native deaf signers, 
peripheral vision. 
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Chapter 6 
Summary and Discussion of Results 
In the final part of the thesis, the main findings of the experiments are summarised, focusing on 
the implications for cochlear implant users and native signers. Limitations of our research are 
discussed and possible directions for future investigation in this field are suggested.  
This thesis focused on the effectiveness of Sign-Supported Speech (SSS) to increase 
comprehension for participants with different levels of access to auditory input and of native 
exposure to sign language. For this purpose, the deaf students who participated in our studies 
were grouped according to specific characteristics. The group of participants with greater access 
to auditory input had undergone cochlear implantation before the age of five years and had 
significantly restored residual hearing (CI group). The group of participants with native 
expertise in sign language was composed of profoundly deaf students who had developed a rich 
language background by using sign language with their deaf parents since birth (LSE group). 
A group (CD) of deaf participants not wearing cochlear implants and not having a native 
knowledge of sign language served as comparison group. 
In addition to the evaluation of SSS comprehension, eye-tracking data of participants were 
collected during language perception with the aim of exploring individual differences in visual 
attention in bimodal (SSS) and unimodal (spoken and sign language) languages and 
communication settings, and possible links between the area visually attended and the amount 
of information uptake.  
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Participants were adolescents, aged between 12 and 19 years. This age range allowed the testing 
of participants who had completed the period of developmental language acquisition. 
Moreover, all participants who were CI users were long-term users by the time they took part 
in this study. 
5.1 Summary of results 
In Experiment 1, comprehension of SSS was compared to comprehension of spoken language 
only and sign language only. Comprehension of deaf participants in the different modalities 
was compared to comprehension of spoken language by hearing-age peers. The use of eye 
tracking aimed to reveal where deaf participants allocated their overt attention when attending 
to language in different modalities. Although SSS did not negatively affect comprehension, 
compared to spoken language, the results did not indicate improved comprehension either, both 
for participants of the CI or the LSE groups. CI users achieved the same comprehension scores 
as hearing students in spoken language and SSS, while participants in the LSE group scored 
below hearing-age peers in these two modalities, although they achieved the same level of 
comprehension when attending to stimuli in their native sign language. These results 
highlighted the benefits in spoken language comprehension gained by using CIs, while no 
effects were evidenced for the use of SSS. We had hypothesized that SSS, because of its spatial 
nature, would especially favour the comprehension of spatial descriptions included in the texts. 
Contrary to expectations, the use of SSS did not enhance comprehension compared to spoken 
language when focusing the analysis on spatial information either.  
The eye tracking data provided however interesting results. They confirmed previous research 
in which the face of the sign model was the area primarily attended to by all deaf perceivers  —
not only native signers—, during sign language perception (Emmorey et al., 2009), while the 
signs were attended to via peripheral vision. Greater focus on the lower area of the face of the 
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sign model was detected, consistent with other studies in which sign language was transmitted 
through video recordings (Agrafiotis et al., 2003; Muir & Richardson, 2005). Although all deaf 
participants mainly looked at the face area during sign language perception, native signers 
significantly differed from non-native signers in that they looked towards the signs for a shorter 
overall period. This difference between native and non-native signers was not detected in SSS, 
during which native signers looked at the hand longer than they did when perceiving sign 
language. This was attributed to the fact that SSS is an artificial system and cannot be 
automatized as a natural language, so the use of peripheral vision to perceive signs presented 
some differences in the two modalities. 
Experiment 2 extended the investigation on discourse comprehension by deaf adolescents and 
the effectiveness of SSS to the comprehension of literal and inferential information, specifically 
associative and predictive inferences. Cognitive functions, nonverbal IQ and working memory, 
as well as linguistic variables, lipreading and proficiency in spoken and sign language, were 
analysed as possible predictors of language comprehension. In previous studies (Cleary, Pisoni, 
& Geers, 2001; Pisoni et al., 2008; Pisoni & Geers, 2000), cognitive functioning, in particular 
executive functions, has been used to explain individual differences among deaf children who 
are non-native signers —and who, inevitably, suffered from an early deprivation of linguistic 
input— compared to deaf children who are native signers. Consistent with findings related to 
hearing individuals (Currie & Cain, 2015), participants with CIs processed inferential 
information less accurately than literal information. Predictive inferences were less accurate 
than associative inferences in participants from both the CI and the LSE group. Proficiency in 
spoken language contributed to explain predictive inference generation in CI users. It was 
suggested that predictive inferences were more challenging as they require a more complete 
comprehension of the text than associative inferences. In fact, predictive inferences involve the 
integration of more pieces of information in the text, while for generating associative inferences 
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it might be sufficient to only grasp a key piece of information in the text and connect it to prior 
world knowledge. The use of SSS did not increase comprehension in CI users, suggesting that 
these participants were mainly focused on the orally transmitted message. On the contrary, SSS 
did enhance the performance of native LSE signers, compared to spoken language. Working 
memory capacity positively affected comprehension of SSS but did not have effects on spoken 
language. Lipreading played a significant role in comprehension of literal and inferential 
information across all groups of participants.   
In the first two experiments, our main purpose was to evaluate the effectiveness of SSS in 
increasing discourse comprehension and inferential processing by deaf adolescents. 
Experiments 3 and 4 were more essentially centred on gathering evidence for the respective 
contribution of lip movements and signs in transmitting information during SSS perception, 
and on clarifying whether signs are actually attended to, even if it is peripherally. Eye-tracking 
data in the previous experiments had revealed a strong preference for looking at the face when 
attending to discourse in SSS, similarly to what has been found in sign language (Experiment 
1). This gaze behaviour might be a consequence of the major perceptual difficulty of discerning 
lip movements compared to signs, something that would lead one to focus overt attention 
towards the lip movements, perceiving information from signs via peripheral vision (i). 
Alternatively, it might be that signs are simply overridden rather than peripherally perceived, 
and all information is obtained from spoken/lipread words (ii).  
In Experiment 3, the visual presentation of SSS on a screen was manipulated and adopted two 
modes to test these hypotheses. For testing the perceptual hypothesis (i), the lip area was 
magnified compared to the chest area (magnified condition). This way, lip movement 
perception was facilitated, and overt attention could be more balanced between the face/lip area 
and chest/signing area. For testing the effective use of peripheral vision in perceiving signs (ii), 
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an interactive gaze-contingent application of the eye tracker that limited the useful field of 
vision was implemented. The gaze-contingent display only allowed the area of the screen 
around the participant’s locus of fixation to be visible (gaze-contingent condition). At any time, 
participants were able to obtain information from one linguistic channel only, either the face/lip 
movements area or the chest/signing area. In the magnified condition (i), participants of the 
LSE group and, more generally, participants with poorer lipreading skills and CI users with 
lower scores in working memory capacity, looked more frequently towards the signs, compared 
to what they did in normal visual conditions. On the other hand, the gaze-contingent window 
(ii) affected gaze behaviour and accuracy of all groups of participants, with an increased number 
of fixations towards the signing area, lower accuracy, and longer reaction times than in normal 
visual conditions. These latter results might suggest that deaf participants benefit from the 
bimodal channel of information and that they resort to signs to integrate, confirm or substitute 
information from spoken/lipread words. When the sources of information from SSS are not 
concurrently available, comprehension is hindered. However, these results must be carefully 
interpreted: they might have been driven by the experimental video presentation of the stimuli, 
which led participants to visualise the unfamiliar display differently, regardless of the linguistic 
channel from which they actually get information.   
Experiment 4 aimed to clarify whether deaf perceivers really resorted to signs to obtain 
information, beyond spoken/lipread words. This objective was pursued by designing stimuli 
where speech and sign information was mismatched, with signs carrying a different meaning 
from the spoken words. Although they were instructed to pay attention to the orally transmitted 
message, participants of the CI group allocated overt attention more frequently towards the 
signs in the mismatch than in the matching condition. There were also slower and less accurate, 
because they often selected the representation referring to the sign. Native LSE signers had a 
dramatic drop in accuracy in the mismatching condition, mostly referring to the signs, even if 
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their gaze behaviour and reaction times did not significantly change across conditions. These 
results might suggest that signs were processed by all participants: longer reaction times and 
more fixations towards the sign in CI users in the mismatching condition indicate that they 
processed the inconsistency between speech and signs, and that they occasionally relied on the 
signs when missing information from spoken/lipread words. When perceiving SSS in normal 
conditions, CI users might therefore be engaged in the semantic integration of signs and speech. 
As for native signers, the lack of effects in gaze behaviour and reaction times, despite the 
decrease in accuracy when processing the mismatching condition, showed that participants 
obtained information mostly from signs, ignoring spoken words. 
5.2 Discussion  
5.2.1 Discussion of the findings for cochlear implant users. 
Overall, in CI users, discourse comprehension was not significantly improved with SSS 
compared to the use of spoken language only (Experiment 1), even when it involved the higher-
level cognitive processes required by inference generation (Experiment 2). Although these 
participants, implanted before the age of five, had good-to-proficient skills in sign language and 
educational experiences with SSS, they did not benefit from the reinforced information 
provided by the bimodal linguistic channel of SSS. Comprehension by CI users of spoken 
language and SSS was equivalent to comprehension by hearing peers of spoken language 
(Experiment 1). It might be the case that there was little room left for improving comprehension 
using SSS, possibly due to the general difficulty of the task, which involved the construction of 
spatial situation models. Despite the lack of favourable results for the use of SSS with CI users, 
eye-tracking data during processing atomic sentences in visual conditions constraining the 
peripheral vision indicated that these participants allocated attentional resources toward signs 
(Experiment 3) and, when lexical items were conflicting, they frequently relied on signs, even 
though instructed to refer to spoken words (Experiment 4). Jointly considered, these findings 
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reveal that CI users do resort to the visual linguistic source offered by signs in SSS. The 
attention to the signed lexicon found in the experiments using atomic sentences as stimuli, 
together with the longer reaction times in the comprehension task when the bimodal input of 
SSS was experimentally disrupted, can be related to the cognitive phenomenon that has been 
identified as code-blending facilitation (Emmorey et al., 2012 ), redundant signals effects 
(Miller, 1986) or the dual coding theory (Paivio, 2010; Paivio et al., 1988). This phenomenon 
is observed when two stimuli with the same meaning simultaneously presented via bimodal 
channels involve a semantic integration that leads perceivers to process two stimuli more easily 
and quickly than they would a single stimulus, because the redundant information is combined 
and coactivates a response. The coactivation of functionally independent but interconnected 
multimodal systems would create a stronger connection in memory and the information would 
be better retained (Paivio, 2010). This effect has been found in hearing-impaired individuals 
who are used to connecting auditory and visual linguistic stimuli through lipreading or signs, 
but it has not been detected in normal-hearing individuals or in individuals with specific 
language impairment (van Berkel-van Hoof et al., 2016). Recent findings related to single-word 
acquisition, have found that bimodal input provides a support for vocabulary acquisition or 
comprehension of novel or pseudowords (Giezen, 2011; Giezen et al., 2014; van Berkel-van 
Hoof et al., 2016). 
Why did we not find this advantage at a discourse level (Experiment 1) or in short texts 
(Experiment 2)? The explanation might be connected to the greater number of variables 
(grammar knowledge, short-term memory, working memory, or sustained attention) that are 
involved in discourse comprehension, and the heterogeneity in cognitive and linguistic 
performance within the students with CIs. Discourse and long-sentence comprehension require 
mastery of the grammar of a language and SSS does not support this goal. The grammatical 
skills of CI users are frequently below age-appropriate standards, even when vocabulary size is 
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equated to that of hearing-age peers (Caselli et al., 2012; Duchesne et al., 2009). For this thesis, 
due to time limitations, participants’ grammatical skills were not assessed. Only a few measures 
of linguistic and cognitive skills were collected and correlated to language comprehension: 
nonverbal IQ, working memory, spoken receptive vocabulary size, lipreading skills, and 
proficiency in spoken and sign language comprehension. With respect to the receptive 
vocabulary measure, no variance among participants, with and without CIs, was found, with 
only few of them performing above baseline. Due to the lack of variance, in most of the 
experiments (Experiments 2, 3, and 4), the measure of spoken receptive vocabulary could not 
be included as a predictor of comprehension. Given the poor performance across all 
participants, spoken receptive vocabulary represented a substantial common difficulty for this 
population, and resorting to sign vocabulary would appear to be well-motivated.  
Other linguistic skills affected comprehension in CI users. Proficiency in spoken language 
comprehension was especially relevant in increasing the generation of predictive inferences 
that, more than other types of inference, require a full understanding of the text and depend on 
the integration of more pieces of information across the entire text (Experiment 2). Lipreading 
was also an important predictor of comprehension across all participants, not only CI users, 
with more proficient lipreaders achieving higher levels of comprehension (Experiments 2 and 
4) and poorer lipreaders fixating more on the signs in the magnified condition (Experiment 3).  
Along with linguistic skills, CI users were also influenced by working memory: participants 
with a smaller working memory capacity looked more frequently at signs in the magnified 
visual condition, as poor lipreaders did (Experiment 3). Furthermore, these participants relied 
more frequently than their peers with greater working memory on signs, compared to speech, 
to obtain information when sign and speech mismatched (Experiment 4). It might be that the 
participants with poorer working memory in this sample recalled items in the visual-manual 
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modality more easily than in the auditory-oral modality.  
Despite the effective reinforcement that signs in SSS provided to participants with CIs with 
poorer linguistic skills and with working memory, the overall amount of information gained by 
CI users did not improve with SSS. These results are in contrast with some recent findings 
related to the successful use of SSS with CI users in classroom contexts (Blom & Marschark, 
2015; Blom, Marschark, & Machmer, 2016). SSS was found to be more effective than spoken 
language when materials with greater complexity of content were proposed, but not with 
materials with simpler content (Blom & Marschark, 2015). Furthermore, SSS increased 
comprehension in comparison to spoken language in noisy contexts, such as classroom contexts 
with multi-talker babble, where much auditory information can easily be missed or misheard 
(Blom, Marschark, & Machmer, 2016). In our studies, testing materials were not differentiated 
for content complexity and stimuli were presented via video recordings in quiet rooms with 
good acoustic accessibility to ensure that participants, individually tested, perceived the same 
stimuli in analogous conditions. However, given the attention that participants devoted to signs, 
especially participants with poorer linguistic skills and working memory, it is plausible that 
SSS may make a difference in supporting comprehension in tasks with complex content and 
topic-specific vocabulary, and in noisy contexts. 
5.2.2 Discussion of the findings for native LSE signers. 
For native signers, comprehension was expected improve in SSS compared to spoken language 
only, thanks to the signs. Indeed, native signers had better production of predictive inferences, 
which entail a more complete comprehension of the overall context compared to other 
inferential processes (Experiment 2). The relevance of signs for these participants was 
confirmed by the orientation of visual attention towards them when visual conditions were 
manipulated (Experiment 3). Moreover, when speech and sign mismatched, native signers 
showed their reliance on signs, frequently referring to them rather than to spoken /lipread words 
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(Experiment 4).  
However, in Experiment 1, SSS did not impact significantly on comprehension compared to 
spoken language only. This might be due to the difficulty and to the specificity of the task, 
which could be more suitably transmitted in sign language, as the text comprehension required 
the construction of a spatial situation model. While SSS did not make comprehension by native 
signers equivalent to the comprehension of spoken language by hearing peers, sign language 
did (Experiment 1). In conclusion, although various results of our thesis indicate that SSS 
increases the comprehension of native signers compared to spoken language, it is important to 
stress that SSS is not a natural language and can hardly guarantee the same comprehension that 
native signers can achieve in their native sign language. Differences in processing SSS and sign 
language were not only revealed by accuracy scores, but also by the spatial distribution of visual 
attention in native and non-native signers. 
5.2.3 Spatial distribution of visual attention during SSS perception.   
The most innovative aspect of this thesis concerns the combination of comprehension and eye-
tracking data during language perception in SSS. As in sign language perception, deaf 
participants mostly fixated on the face area when attending to SSS (Experiment 1). In sign 
language, there is clear evidence that participants are perceiving signs peripherally. In SSS, 
however, where a bimodal channel of information is available, it was not clear that participants  
—particularly those with functional hearing— perceive signs via peripheral vision. It might be 
that they are just ignoring the signs and obtaining all the information from speech and 
lipreading. The use of a moving window that limited the useful field of vision to either the face 
or the signing area (Experiment 3), and the implementation of a paradigm with inconsistent 
meanings between sign and speech (Experiment 4), provided evidence to support the hypothesis 
that participants with CIs are also actively attending to the information from signs.  
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The findings of these experiments also draw attention to differences in visual processing of SSS 
and sign language, and between native and non-native signers. Deaf native signers, when 
perceiving sign language, had fewer gaze deviations towards the signs than deaf non-native 
signers (Experiment 1). This  is consistent with earlier findings that attributed this difference to 
a more developed peripheral vision in native signers (Agrafiotis et al., 2003). On the other hand, 
no differences were detected between native and non-native signers’ gaze behaviour in SSS 
(Experiment 1). This was attributed to the artificiality of SSS, which cannot be acquired as a 
natural language. Native signers have not automatized the use of peripheral vision in complex 
long texts as in sign language perception. However, eye movement data from Experiment 1 
referred to long time windows, which tracked the eyes across the entire length of the stimuli, 
approximately 100 seconds each. However, when reviewing fixations over shorter time 
windows and texts, differences between native and non-native signers did emerge in SSS: native 
signers looked less towards signs than non-native signers when attending to the basic sentences 
presented in the baseline visual condition (Experiment 3) and in the time window of a critical 
word (Experiment 4). Although fixating on the face area, native signers, who were found to be 
significantly less expert lipreaders that their peers with CIs, seemed not to pay attention to lip 
movements, retrieving most information from the peripherally perceived signs. This occurred 
even when participants were explicitly instructed to retain orally transmitted information 
(Experiment 4). This account would confirm the division of labour hypothesis proposed in 
Mitchell (1996), which contemplates a limited-resource model for attentional resources. This 
hypothesis was well supported by studies investigating how the spatial attention that spills over 
from visual search tasks is distributed (Dye et al., 2009; Proksch & Bavelier, 2002). While 
hearing individuals save leftover attentional resources to process information at the fixation 
point rather than the periphery (Beck & Lavie, 2005), deaf individuals would mostly devote 
leftover attentional resources to stimuli in the peripheral visual field at the cost of centrally 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
90  
 
presented information (Proksch & Bavelier, 2002). Apparently, in Experiment 4, attentional 
resources were mostly dedicated to peripheral information, with native signers largely 
excluding the information at fixation, without signalling in any way the inconsistency between 
central and peripheral information, neither through gaze behaviour nor through reaction times. 
5.3 Limitations of the Thesis  
 5.3.1 Sample size. 
An important limitation of this study is the small number of participants. After attempting to 
recruit participants for the study in many ways, such as contacting deaf associations and speech 
therapy practices, the more favourable approach was found by directly contacting primary and 
secondary schools attended by deaf adolescents and inviting them to collaborate on the project. 
Recruitment took place over a substantial number of months. Although a higher number of 
students participated in Experiments 2, 3, and 4 compared to Experiment 1, the subgroups, (CI, 
LSE, and CD), included few participants, limiting the statistical power of the analyses. 
Although only participants with no comorbid disturbances were initially recruited, even some 
of the remaining individuals were not included in the studies due to their low nonverbal IQ, or 
because they did not fulfil the criterion for level of deafness.  
Due to the limited number of deaf students who met the criterion for inclusion in the study and 
the difficulties in recruiting them, no students with the required characteristics were tested in 
the pilot studies. The experiments were piloted with age-equivalent hearing students and with 
older deaf students, aged between 20 and 28 years. 
Given the difficulties in finding participants meeting the requirements for inclusion in the 
subgroups, it was also not possible to match participants of the compared groups in terms of 
cognitive and linguistic skills. 
Although these limitations impact on the power of the studies, this is a common feature to most 
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prior research in this field. 
5.3.2 Range of measures. 
Ideally, participants should have been matched across groups on the scores achieved for the 
different skills and they should have been assessed for a wider range of linguistic and cognitive 
skills. Receptive grammar and pragmatic skills are probably the most relevant predictors that 
could have been included. Time limitations and the difficulty in obtaining the consent for testing 
the students for a considerable number of sessions led us to select the most relevant measures 
for the purpose of the study.  
The level of proficiency in Spanish spoken language and Spanish sign language could have also 
been tested by using texts of increasing difficulty, instead of only a single elementary-level text. 
This would have enabled a more comprehensive differentiation of participants’ language 
profiles. Nonetheless, we could guarantee that participants at least had a basic competence in 
sign and spoken language and that this information could be sufficient for evaluating the 
effectiveness of comprehension of SSS. In addition, we found that higher performance in SSS 
was not predicted by higher proficiency in sign language.  
Also, besides nonverbal IQ and working memory —evaluated through an n-back task—, other 
cognitive measures could have been relevant for tracking participants’ profile of 
comprehension. Short-term memory and sustained attention are significantly activated in 
discourse comprehension and might be critical skills specifically for deaf individuals. 
Phonological short-term memory in the deaf population has been found to be deficient 
compared to that of the hearing population, with lexical items retained to a lesser degree if 
perceived via the visual-spatial channel than via the auditory channel (Bavelier et al., 2006; 
Koo, Crain, Lasasso, & Eden, 2008). On the other hand, poor understanding of complex 
sentences has been found to reflect less efficient language processing systems and a more 
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limited attentional system capacity (Montgomery, 2005). 
5.3.3 Ecological validity. 
The generalization of the results of this thesis should be interpreted with the necessary caution, 
since they were obtained from experimental tasks designed to answer specific research 
questions. Comprehension of the bimodal input of SSS, as well as its visual perception, may 
vary substantially in naturalistic, noisy environments, such as in classroom contexts. The 
unnatural visual conditions in Experiment 3 might be especially critical for ecological validity. 
Nevertheless, overall coherence with previous findings in visual perception of deaf individuals 
indicates the eye-movement supports the validity of our results. Future research in more 
naturalistic environments would be desirable, evaluating SSS comprehension during lectures in 
the classroom and obtaining eye-movement data via custom-built wearable eye trackers. 
5.4 Educational Implications and Future Directions 
SSS has been used for educational purposes for mixed deaf/hearing audiences. Prior studies 
provided evidence for a positive effect of SSS on learning when correctly used by teachers and 
instructors (Swanwick, 2016; Knoors & Marschark, 2012). Results from this thesis indicate that 
SSS might have an overall positive impact when used in a classroom, specifically in the 
relatively recent educational co-enrolment teaching in Spain, which places a considerable 
number of deaf students in the same classrooms as hearing peers. The undoubted advantage of 
SSS over spoken language only is that its use allows deaf students to learn, sharing the same 
classrooms with their hearing peers, thus improving the effectiveness of the inclusion process, 
a crucial issue in current educational politicies. Deaf students’ world knowledge is commonly 
poorer than that of hearing-age peers (Convertino et al., 2014). A pervasive use of SSS in the 
classroom might favour its broader use in peer communication as well and not only during 
learning, contributing to the enhancement of deaf students’ world knowledge. 
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For deaf children with functional hearing, the bimodal language input offered by SSS does not 
harm comprehension with respect to spoken language, and it might even allow a better access 
to the more technical language of specific subjects, which could be more difficult to understand 
with the spoken lexicon only. In fact, the overt attention directed to signs when peripheral vision 
is disrupted (Experiment 3) and the evidence of resorting to signs rather than speech when they 
mismatch (Experiment 4), suggest that CI users are involved in processing both speech and sign 
information when attending to SSS. Consequently, although a difference did not emerge in 
comprehension of spoken language and SSS when using high-frequency vocabulary, the 
semantic reinforcement of signs could plausibly enhance comprehension of less frequent 
vocabulary.  
For deaf children without functional hearing, the input obtained from SSS is visual, through 
lipreading and mostly through signs. With respect to spoken language, SSS enhanced 
comprehension of native signers, especially when a full comprehension of the text was required 
for inferential processing (Experiment 2). Nevertheless, SSS might be less informative than 
sign language, as emerged in Experiment 1, where native signers had a significantly increased 
comprehension in sign language compared to spoken language, while differences in 
comprehension were not significant between SSS and spoken language. However, in teaching, 
there is also evidence for equal effectiveness of SSS and sign language for deaf students who 
had sign language as the primary mode of communication (Marschark, Sapere, Convertino, & 
Pelz, 2008).  It is important to stress that, for native signers, sign language is their first language 
and it is naturally processed. For these participants, the use of SSS is not intended to facilitate 
comprehension compared to sign language, but to enhance spoken language comprehension. 
Future research should test the effectiveness of SSS in the classroom context using longitudinal 
studies. This thesis has revealed limitations in the linguistic skills of deaf participants with and 
without cochlear implants. Receptive vocabulary size was worryingly limited in all participants 
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and the relevance of mastering spoken language was evidenced by the significant effect that 
lipreading skills and spoken language proficiency had in predicting comprehension in CI users 
across these experiments. Considering the limited linguistic skills and the evidence in favour of 
the supporting role of signs in the comprehension of lexical items, further research should 
investigate whether the continuous use of SSS in teaching can also contribute in increasing the 
spoken vocabulary of deaf students, thanks to the impact on lexical representations of dual 
presentation of the same item through the visual and the auditory systems.  
5.5 Conclusions 
The research problem investigated in this thesis concerns the role of the sign-supported speech 
(SSS), an augmentative system of communication used in the education of deaf students, of 
great relevance in the context of inclusive education and the recent technological advances in 
the early detection of hearing loss and hearing devices, such as cochlear implants.  
Findings of this thesis highlighted only marginal benefits from the use of SSS. SSS did not 
increase discourse comprehension nor inference processing, compared to spoken language-
only, in participants with CIs. Despite these findings, there was evidence that they did process 
the information transmitted by signs, in addition to speech.  
For native signers, although findings of this thesis indicated that SSS is not as informative as 
sign language, it can support their spoken communication. This is especially the case when 
comprehension requires greater cognitive effort, such as when processing inferences.  
Overall, the use of SSS could support the inclusion of deaf students, allowing that deaf and 
hearing students to share the same classrooms. The evidence that even CI users process signs 
suggests that the semantic redundancy provided by signs in SSS might favour improved 
comprehension in classes with a more technical or specific language. In conclusion, although 
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SSS did not significantly contribute at the purpose of increasing language comprehension, it 
did not harm it and might importantly support the process of inclusion of deaf students.  
  
 
 
  
 97 
 
 
 
 
References 
 
Abidin, R. R. (1995). Parenting stress index. Odessa, FL: Psychological Assessment 
Resources. 
Abrams, R. A., Meyer, D. E., & Kornblum, S. (1989). Speed and accuracy of saccadic eye 
movements: Characteristics of impulse variability in the oculomotor system. Journal of 
Experimental Psychology: Human Perception and Performance, 15(3), 529–543. 
Achenbach, T. M., & Rescorla, L. A. (2000). Manual for the ASEBA preschool forms and 
profiles. Burlington, VT: Unicersity of Vermont, Research Center for Children, Youth, & 
Families. 
Agrafiotis, D., Canagarajah, N., Bull, D. R., & Dye, M. (2003). Perceptually optimised sign 
language video coding based on eye tracking analysis. Electronics Letters, 39(24).  
Alamargot, D., Lambert, E., Thebault, C., & Dansac, C. (2007). Text composition by deaf and 
hearing middle-school students: The role of working memory. Reading and Writing, 20(4), 
333–360. doi.org/10.1007/s11145-006-9033-y 
Allen, J. S., Emmorey, K., Bruss, J., & Damasio, H. (2008). Morphology of the insula in relation 
to hearing status and sign language experience. Journal of Neuroscience, 28(46), 11900–
11905. doi.org/10.1523/JNEUROSCI.3141-08.2008 
Allen, T. E., & Anderson, M. L. (2010). Deaf students and their classroom communication: An 
evaluation of higher order categorical interactions among school and background 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
98  
 
characteristics. Journal of Deaf Studies and Deaf Education, 15(4), 334–347. 
doi.org/10.1093/deafed/enq034 
Alonso, P., Rodríguez, P., & Echeita, G. (2009). El proceso de un centro específico de sordos 
hacia una educación más inclusiva. Colegio Gaudem Madrid. [The process of a specific 
center for the deaf toward a more inclusive education: Gaudem School Madrid]. Revista 
Latinoamericana de Educación Inclusiva, 3(1)167–187. 
Andersson, U., Lyxell, B., Rönnberg, J., & Spens, K. E. (2001). Cognitive correlates of visual 
speech understanding in hearing-impaired individuals. Journal of Deaf Studies and Deaf 
Education, 6(2), 103–16. doi.org/10.1093/deafed/6.2.103 
Anthony, D. (1971). Seeing Essential English. Anaheim, CA: Educational Services Division, 
Anaheim Union High School District. 
Anstis, S. (1986). Motion perception in the fronatl plane. In K. R. Boff, L. Kaufman, & J. P. 
Thomas (Eds.) Handbook of Perception & Human Performance: Sensory Processes & 
Perception (Vol. 1 16:1, pp. 16-27). New York: Wiley. 
Archbold, S., Harris, M., O’Donoghue, G., Nikolopoulos, T., White, A., & Lloyd Richmond, 
H. (2008). Reading abilities after cochlear implantation: The effect of age at implantation 
on outcomes at 5 and 7 years after implantation. International Journal of Pediatric Oto-
rhinolaryngology, 72(10), 1471–1478. doi.org/10.1016/j.ijporl.2008.06.016 
Argyle, M., & Cook, M. (1976). Gaze and mutual gaze. Oxford, England: Cambridge Univer-
sity Press. 
Arnold, P., & Köpsel, A. (1996). Lipreading, reading and memory of hearing and hearing-
impaired children. Scandinavian Audiology, 25, 13-20. 
REFERENCES 
 
99 
 
Auer, E. T., Bernstein, L. E., Sungkarat, W., & Singh, M. (2007). Vibrotactile activation of the 
auditory cortices in deaf versus hearing adults. Neuroreport, 18(7), 645–648. 
doi.org/10.1242/jcs.03292. 
Barker, D., Quittner, A. L., Fink, N. E., Eisenberg, L. S., Tobey, E. A., Niparko, J. K., & 
InvestigativeTeam, T. Cd. (2009). Predicting behavior problems in deaf and hearing 
children: The influences of language, attention, and parent–child communication. 
Development and Psychopathology, 21(2), 373–392. 
doi.org/10.1017/S0954579409000212 
Barr, D. J., Levy, R., Scheepers, C., & Tily, H. J. (2013). Random effects structure for 
confirmatory hypothesis testing: Keep it maximal. Journal of Memory and Language, 
68(3), 255–278. doi.org/10.1016/j.jml.2012.11.001 
Battmer, R.-D., Backous, D. D., Balkany, T. J., Briggs, R. J. S., Gantz, B. J., Hasselt, A. van, 
… O’Donoghue, G. M. (2010). International classification of reliability for implanted 
cochlear implant receiver stimulators. Otology & Neurotology, 31(8), 1190–1193. 
doi.org/10.1097/OGX.0000000000000256 
Bavelier, D., Dye, M. W., & Hauser, P. C. (2006). Do deaf individuals see better? Trends in 
Cognitive Sciences, 10, 512–518. doi:10.1016/j.tics.2006.09.006 
Bavelier, D., Tomann,  A., Hutton, C., Mitchell, T., Corina, D., Liu, G., & Neville, H. (2000). 
Visual attention to the periphery is enhanced in congenitally deaf individuals. The Journal 
of Neuroscience : The Official Journal of the Society for Neuroscience, 20(17), RC93. 
doi.org/psycinfo/2001-03295-001 
Beck, D. M., & Lavie, N. (2005). Look here but ignore what you see: Effects of distractors at 
fixation. Journal of Experimental Psychology: Human Perception and Performance, 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
100  
 
31(3), 592–607. doi.org/10.1037/0096-1523.31.3.592 
Beeman, M. J., Bowden, E. M., & Gernsbacher, M. A. (2000). Right and left hemisphere cooperation 
for drawing predictive and coherence inferences during normal story comprehension. Brain 
Language, 71(2), 310-336. 
Beer, J., Kronenberger, W. G., & Pisoni, D. B. (2011). Executive functions in everyday life: 
Implications for young cochlear implant users, 12, S89–S91. doi.org/10.1007/s10439-011-
0452-9Bélanger, N. N., & Rayner, K. (2015). What eye movements reveal about deaf 
deaders. Current Directions in Psychological Science, 24(3), 220–226. 
doi:10.1177/0963721414567527 
Bélanger, N. N., Slattery, T. J., Mayberry, R. I., & Rayner, K. (2012). Skilled deaf readers have 
an enhanced perceptual span in reading. Psychological Science, 23(7), 816–823. 
doi:10.1177/0956797611435130 
Bergeson, T. R., Pisoni, D. B., & Davis, R. A. O. (2005). Development of audiovisual 
comprehension skills in prelingually deaf  children with cochlear implants. Ear and 
Hearing, 26(2), 149–164. doi.org/10.1097/00003446-200504000-00004 
Bernstein, L. E., Demorest, M. E., & Tucker, P. E. (2000). Speech perception without hearing. 
Perception & Psychophysics, 62(2), 233–252. doi.org/10.3758/BF03205546 
Bernstein, M., Maxwell, M., & Matthews, K. (1985). Bimodal or bilingual communication. 
Sign Language Studies, 47, 127-140. 
Blatto-Vallee, G., Kelly, R. R., Gaustad, M. G., Porter, J., & Fonzi, J. (2007). Visual-spatial 
representation in mathematical problem solving by deaf and hearing students. Journal of 
Deaf Studies and Deaf Education, 12(4), 432–448. doi.org/10.1093/deafed/enm022 
Blom, H. C., & Marschark, M. (2015). Simultaneous communication and cochlear implants in 
REFERENCES 
 
101 
 
the classroom? Deafness & Education International, 17(Advance online publication.), 
141028093951007. doi.org/10.1179/1557069x14y.0000000045 
Blom, H., Marschark, M., & Machmer, E. (2016). Simultaneous communication supports 
learning in noise by cochlear implant users. Cochlear Implants International, 0(0), 1–8. 
doi.org/10.1080/14670100.2016.1265188 
Boons, T., Brokx, J. P. L., Dhooge, I., Frijns, J. H. M., Peeraer, L., Vermeulen, A., … van 
Wieringen, A. (2012). Predictors of spoken language development following pediatric 
cochlear implantation. Ear & Hearing (01960202), 33(5), 617–639. 
doi.org/10.1111/j.1365-2214.2012.01418_5.x 
Bornstein, H., Hamilton, L. B., Saulnier, K. L., & Howard, L. R. (1975). The Signed English 
dictionary. Washington DC: Gallaudet University Press. 
Bosworth, R. G., & Dobkins, K. R. (1999). Left-hemisphere dominance for motion processing 
in deaf signers. Psychological Science, 10(3), 256–262. doi.org/10.1111/1467-9280.00146 
Bosworth, R. G., & Dobkins, K. R. (2002). Visual field asymmetries for motion processing in 
deaf and hearing signers. Brain and Cognition, 49(1), 170–181. 
doi.org/10.1006/brcg.2001.1498 
Boutla, M., Supalla, T., Newport, E. L., & Bavelier, D. (2004). Short-term memory span: 
insights from sign language. Nature Neuroscience, 7(9), 997–1002. 
doi.org/10.1038/nn1298 
Bowyer-Crane, C., & Snowling, M. J. (2005). Assessing children’s inference generation: What 
do tests of reading comprehension measure? British Journal of Educational Psychology, 
75(2), 189–201. doi.org/10.1348/000709904X22674 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
102  
 
Boyes Braem, P., and R. Sutton-Spence. 2001. The hands are the head of the mouth: The mouth 
as articulator in sign language. Hamburg, Germany: Signum. 
Braden, J. (1987). An explanation of the superior performance IQs of deaf children of deaf 
parents. American Annals of the Deaf, 132(4), 263-266. 
Brown, P., & Brewer, L. (1996). Cognitive processes of deaf and hearing skilled and less skilled 
readers. Journal of Deaf Studies and Deaf Education, 1(4), 263–70. 
doi.org/10.1093/oxfordjournals.deafed.a014301 
Brozinsky, C. J., & Bavelier, D. (2004). Motion velocity thresholds in deaf signers: Changes in 
lateralization but not in overall sensitivity. Cognitive Brain Research, 21(1), 1–10. 
doi.org/10.1016/j.cogbrainres.2004.05.002 
Burigo, M., & Knoeferle, P. (2015). Visual attention during spatial language comprehension. 
PLoS ONE, 10(1). doi.org/doi:10.1371/journal. pone.0115758 
Burkholder, R. A., & Pisoni, D. B. (2005). Speech timing and working memory in profoundly 
deaf children after cochlear implantation. Journal of Experimental Child Psychology, 
85(1), 63–88. doi.org/10.1016/j.immuni.2010.12.017. 
Cabeza-Pereiro, M. del C., & Ramallo, F. F. (2016). Lenguas de signos y educación en España: 
Una aproximación desde la comunidad sorda. Language Problems and Language 
Planning, 40(1), 1–25. doi.org/10.1075/lplp.40.1.01cab 
Caccamise, F., Ayers, R., Finch, K., & Mitchell, M. (1997). Signs and manual communication 
systems: Selection, standardization, and development. American Annals of the Deaf, 
142(3), 90–105. doi.org/10.1353/aad.2012.0567 
Cain, K., & Bignell, S. (2014). Reading and listening comprehension and their relation to inat-
REFERENCES 
 
103 
 
tention and hyperactivity. British Journal of Educational Psychology, 84(1), 108–124. 
doi.org/10.1111/bjep.12009 
Cain, K. E., & Oakhill, J. V. (1999). Inference making ability and its relation to comprehen-
sion failure in young children. Reading and Writing, 11(5/6), 489–503. 
doi.org/10.1023/A:1008084120205 
Cain, K., Oakhill, J., & Bryant, P. (2004). Children’s reading comprehension ability: Con-
current prediction by working memory, verbal ability, and component skills. Journal of 
Educational Psychology, 96(1), 31–42. doi.org/10.1037/0022-0663.96.1.31 
Cain, K., Oakhill, J., & Lemmon, K. (2004). Individual differences in the inference of word 
meanings from context: The influence of reading comprehension, Vocabulary knowledge, 
and memory capacity. Journal of Educational Psychology, 96(4), 671–681. 
doi.org/10.1037/0022-0663.96.4.671 
Calderon, R., & Greenberg, M. (1997). The effectiveness of early intervention for deaf children 
and children with hearing loss. In M. J. Guralnik (Ed.), The effectiveness of early 
intervention (pp. 455–482). Baltimore, MD: P. H. Brookes. 
Calvo, M. G., Castillo, M. D., & Schmalhofer, F. (2006). Strategic influence on the time course 
of predictive inferences in reading. Memory and Cognition, 34(1), 68–77. 
doi.org/10.3758/BF03193387 
Campbell, R., MacSweeney, M., & Woll, B. (2014). Cochlear implantation (CI) for prelingual 
deafness: the relevance of studies of brain organization and the role of first language 
acquisition in considering outcome success. Frontiers in Human Neuroscience, 8(834). 
doi.org/10.3389/fnhum.2014.00834 
Cardin, V., Orfanidou, E., Rönnberg, J., Capek, C. M., Rudner, M., & Woll, B. (2013). 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
104  
 
Dissociating cognitive and sensory neural plasticity in human superior temporal cortex. 
Nature Communications, 4. doi.org/10.1038/ncomms2463 
Caselli, M. C., Rinaldi, P., Varuzza, C., Giuliani, A., & Burdo, S. (2012). Cochlear implant in 
the second year of life : Lexical and grammatical outcomes. Journal of Speech Language 
and Hearing Research, 55, 382–394. doi.org/10.1044/1092-4388(2011/10-0248)382 
Castellanos, I., Kronenberger, W. G., Beer, J., Colson, B. G., Henning, S. C., Ditmars, A., & 
Pisoni, D. B. (2015). Concept formation skills in long-term cochlear implant users. Journal 
of Deaf Studies and Deaf Education, 20(1), 27–40. doi.org/10.1093/deafed/enu039 
Castellanos, I., Pisoni, D. B., Kronenberger, W. G., & Beer, J. (2016). Neurocognitive functions 
in deaf chilren with cochlear implants: Early development and long-term outcomes. In M. 
Marschark & P. E. Spencer (Eds.), The Oxford handbook of deaf studies in language (pp. 
264–275). New York: Oxford University Press. 
Chan, S. C., Chan, S. K., Kwork, I. C., & Yu, H. C. (2000). The speech and language 
rehabilitation program for pediatric cochlear implantees in Hong Kong. In C. S. Kim, S. 
O. Chang, & D. Lim (Eds.), Updates in cochlear implantation. Advances in 
otorhinolaryngology (pp. 247–249). Basel: Karger. 
Clark, J. G. (1981). Uses and abuses of hearing loss classificaiton. ASHA, 23, 493–500. 
Cleary, M., Pisoni, D. B., & Geers, A. E. (2001). Some measures of verbal and spatial working 
memory in eight- and nine-year-old hearing-impaired children with cochlear implants. Ear 
and Hearing, 22(5), 395–411. doi.org/10.1097/00003446-200110000-00004 
Cokely, D. (1990). The effectiveness of three means of communication in the college 
classrooms. Sign Language Studies, 69, 415–442. doi.org/10.1353/sls.1990.0027 
REFERENCES 
 
105 
 
Colletti, L., Mandalà, M., & Colletti, V. (2012). Cochlear implants in children younger than 6 
months. Otolaryngology-Head and Neck Surgery, 147(1), 139–146. 
doi.org/10.1177/0194599812441572 
Colmenero, J. M., Catena, A., Fuentes, L. J., & Ramos, M. M. (2004). Mechanisms of 
visuospatial orienting in deafness. European Journal of Cognitive Psychology, 16(6), 791–
805. doi.org/10.1080/09541440340000312 
Connor, C. M., Craig, H. K., Raudenbush, S. W., Heavner, K., & Zwolan, T. (2006). The age 
at which young deaf children receive cochlear implants and their vocabulary and speech-
production growth: is there an added value for early implantation? Ear and Hearing, 27, 
628–644. doi.org/10.1097/01.aud.0000240640.59205.42 
Connor, C. M., Hieber, S., Arts, H. A., & Zwolan, T. A. (2000). Speech, vocabulary, and the 
education of children using cochlear implants. Journal of Speech Language and Hearing 
Research, 43(5), 1185. doi.org/10.1044/jslhr.4305.1185 
Connor, C. M., & Zwolan, T. A. (2004). Examining multiple sources of influence on the reading 
comprehension skills of children who use cochlear implants. Journal of Speech, Language, 
and Hearing Research, 47(3), 509–526. doi.org/10.1044/1092-4388(2004/040) 
Convertino, C., Borgna, G., Marschark, M., & Durkin, A. (2014). Word and world knowledge 
among deaf learners with and without cochlear implants. Journal of Deaf Studies and Deaf 
Education, 19(4), 471-483. doi.org/10.1093/deafed/enu024 
Convertino, C. M., Marschark, M., Sapere, P., Sarchet, T., & Zupan, M. (2009). Predicting 
academic success among deaf college students. Journal of Deaf Studies and Deaf 
Education, 14(3), 324–343. doi.org/10.1093/deafed/enp005 
Conway, C. M., Deocampo, J. A., Walk, A. M., Anaya, E. M., & Pisoni, D. B. (2014). Deaf 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
106  
 
children with cochlear implants do not appear to use sentence context to help recognize 
spoken words. Journal of Speech Language and Hearing Research, 57, 2174–2191. 
doi.org/10.1044/2014_JSLHR-L-13-0236 
Cook, A. E., Limber, J. E., & O’Brien, E. J. (2001). Situation-based context and the availa-
bility of predictive inferences. Journal of Memory and Language, 44(2), 220–234. 
doi.org/10.1006/jmla.2000.2744 
Cornett, O. (1967). Cued speech. American Annals of the Deaf, 112, 3–13. 
Courtin, C. (2000). The impact of sign language on the cognitive development of deaf children: 
The case of theories of mind. Journal of Deaf Studies and Deaf Education, 5(3), 266–76. 
doi.org/10.1093/deafed/5.3.266 
Cowan, N. (2005). Working memory capacity. New York: Psychology Press. 
Cuda, D., Murri, A., Guerzoni, L., Fabrizi, E., & Mariani, V. (2014). Pre-school children have 
spoken language when early implanted. Otorhinolaryngology, 78(8), 1327–1331. 
doi.org/doi.org/10.1016/j.ijporl.2014.05.021 
Curran, C. E., Kintsch, E., & Hedberg, N. (1996). Learning-disabled adolescents’ 
comprehension of naturalistic narratives. Journal of Educational Psychology, 88, 494–
507. 
Currie, N. K., & Cain, K. (2015). Children’s inference generation: The role of vocabulary and 
working memory. Journal of Experimental Child Psychology, 137, 57–75. 
doi.org/10.1016/j.jecp.2015.03.005 
Dammeyer, J. (2010). Psychosocial development in a Danish population of children with 
cochlear implants and deaf and hard-of-hearing children. Journal of Deaf Studies and Deaf 
REFERENCES 
 
107 
 
Education, 15(1), 50–58. doi.org/10.1093/deafed/enp024 
Daneman, M., & Merikle, P. M. (1996). Working memory and language comprehension: A 
meta-analysis. Psychonomic Bulletin & Review, 3(4), 422–433. 
doi.org/10.3758/BF03214546 
Davidson, K., Lillo-Martin, D., & Pichler, D. C. (2014). Spoken English language development 
among native signing children with cochlear implants. Journal of Deaf Studies and Deaf 
Education, 19(2), 239–250. doi.org/10.1093/deafed/ent045 
Dawson, P. W., Blamey, P. J., Dettman, S. J., Barker, E. J., & Clark, G. M. (1995). A clinical 
report on receptive vocabulary skills in cochlear implant users. Ear and Hearing, 16(3), 
287–294. 
Daza, M. T., Phillips-Silver, J., Ruiz-Cuadra, M. del M., & López-López, F. (2014). Language 
skills and nonverbal cognitive processes associated with reading comprehension in deaf 
children. Research in Developmental Disabilities, 35(12), 3526–3533. 
doi.org/10.1016/j.ridd.2014.08.030 
De Beni, R., Palladino, P., Pazzaglia, F., & Cornoldi, C. (1998). Increases in intrusion errors 
and working memory deficit of poor comprehenders. The Quarterly Journal of Experi-
mental Psychology, 51A(2), 305–320. 
De Filippo, C. L., & Lansing, C. R. (2006). Eye fixations of deaf and hearing observers in 
simultaneous communication perception. Ear & Hearing, 27(4), 331–352. 
Dettman, S., & Dowell, R. (2010). Language acquisition and critical periods for children using 
cochlear implants. In M. Marschark & P. E. Spencer (Eds.), The Oxford handbook of deaf 
studies in language (Vol. 2, pp. 331–342). New York, NY: Oxford University Press. 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
108  
 
Drijvers, L., & Özyürek, A. (2017). Visual context enhanced: The joint contribution of iconic 
gestures and visible speech to degraded speech comprehension. Journal of Speech, Lan-
guage, and Hearing Research, 60, 212–222. doi.org/10.1044/2016_JSLHR-H-16-0101 
Duchesne, L., Sutton, A., & Bergeron, F. (2009). Language achievement in children who 
received cochlear implants between 1 and 2 years of Age: Group trends and individual 
patterns. Journal of Deaf Studies and Deaf Education, 14(4), 465–485. 
doi.org/10.1093/deafed/enp010 
Duchowski, A. T. (2002). A breadth-first survey of eye-tracking applications. Behavior 
Research Methods, Instruments, & Computers : A Journal of the Psychonomic Society, 
Inc, 34(4), 455–470. doi.org/10.3758/BF03195475 
Dunn, C. C., Walker, E. A., Oleson, J., Kenworthy, M., Voorst, T. Van, Tomblin, J. B., … 
Gantz, B. J. (2014). Longitudinal speech perception and language performance in pediatric 
cochlear implant users. The effect of age at implantation. Ear and Hearing, 35(2), 148–
160. doi.org/10.1097/AUD.0b013e3182a4a8f0. 
Dunn, L. M., Dunn, L. M., & Arribas, D. (2006). PPVT-III, Peabody Test de Vocabulario en 
Imagenes [Peabody Picture Vocabulary Test, PPVT-III] (TEA). Madrid. 
Dye, M. W. G., & Bavelier, D. (2013). Visual attention in deaf humans: A neuroplasticity 
perspective. In A. Kral et al. (Eds.). Deafness: Springer hof auditory research, 47 (pp. 
237–263). doi.org/10.1007/2506 
Dye, M. W. G., Hauser, P. C., & Bavelier, D. (2009). Is visual selective attention in deaf 
individuals enhanced or deficient? The case of the useful field of view. PLoS ONE, 4(5). 
doi.org/10.1371/journal.pone.0005640 
Dye, W. G., & Hauser, P. C. (2014). Sustained attention, selective attention and cognitive 
REFERENCES 
 
109 
 
control in deaf and hearing children. Hearing Research, (309), 94–102. 
doi.org/10.1016/j.heares.2013.12.001 
Emmorey, K., Giezen, M. R., & Gollan, T. H. (2015). Psycholinguistic, cognitive, and neural 
implications of bimodal bilingualism. Bilingualism: Language and Cognition, (April), 1–
20. doi.org/10.1017/S1366728915000085 
Emmorey, K., Mehta, S., & Grabowski, T. J. (2007). The neural correlates of sign versus word 
production. Neuroimage, 36(1), 202–208. doi.org/10.1016/j.neuroimage.2007.02.040 
Emmorey, K., Petrich, J., & Gollan, T. H. (2012). Bilingual processing of ASL-English code-
blends: The consequences of accessing two lexical representations simultaneously. 
Journal of Memory and Language, 67(1), 199–210. doi.org/10.1016/j.jml.2012.04.005 
Emmorey, K., Thompson, R., & Colvin, R. (2009). Eye gaze during comprehension of 
American sign language by native and beginning signers. Journal of Deaf Studies and 
Deaf Education, 14(2), 237–243. doi.org/10.1093/deafed/enn037 
Emmorey, K., Tversky, B., & Taylor, H. a. (2000). Using space to describe space: Perspective 
in speech, sign, and gesture. Spatial Cognition and Computation, 2(3), 157–180. 
doi.org/10.1023/A:1013118114571 
Estevez, A., & Calvo, M. G. (2000). Working memory capacity and time course of predictive 
inferences. Memory, 8(1), 51–61. doi.org/10.1080/096582100387704 
Fagan, M. K. (2015). Cochlear implantation at 12 months: Limitations and benefits for 
vocabulary production. Cochlear Implants International, 16(1), 24–31. 
doi.org/10.1179/1754762814Y.0000000075 
Fagan, M. K., & Pisoni, D. B. (2010). Hearing experience and receptive vocabulary 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
110  
 
development in deaf children with cochlear implants. Journal of Deaf Studies and Deaf 
Education, 15(2), 149–161. doi.org/10.1093/deafed/enq001 
Fagan, M. K., Pisoni, D. B., Horn, D. L., & Dillon, C. M. (2007). Neuropsychological correlates 
of vocabulary, reading, and working memory in deaf children with cochlear implants. 
Journal of Deaf Studies and Deaf Education, 12(4), 461–471. 
doi.org/10.1093/deafed/enm023 
Fernandez-Viader, M. d. P. (2004). Education of Deaf Students in Spain: Legal and Educational 
Politics Developments. Journal of Deaf Studies and Deaf Education, 9(3), 327–332. 
doi.org/10.1093/deafed/enh035 
Fernández, M. U., & Villa, C. F. (2017). El intérprete de lengua de signos en el ámbito 
educativo: Problemática y propuestas de mejora [The Sign Language interpreter in the 
education field : problems and proposals for improvement], Revista Complutense de 
Educación, 28(1), 265–281. doi.org/10.5209/rev_RCED.2017.v28.n1.49308 
Figueras, B., Edwards, L., & Langdon, D. (2008). Executive function and language in deaf 
children. Journal of Deaf Studies and Deaf Education, 13(3), 362–377. 
doi.org/10.1093/deafed/enm067 
Finney, E. M., Fine, I., & Dobkins, K. R. (2001). Visual stimuli activate auditory cortex in the 
deaf. Nature Neuroscience, 4(12), 1171–3. doi.org/10.1038/nn763 
Fitzpatrick, E. M., Hamel, C., Stevens, A., Pratt, M., Moher, D., Doucet, S. P., … Na, E. (2016). 
Sign Language and Spoken Language for Children With Hearing Loss: A Systematic 
Review. Pediatrics, 137(1), 1–17. doi.org/10.1542/peds.2015-1974 
Florit, E., Roch, M., & Levorato, M. C. (2011). Listening Text Comprehension of Explicit and 
Implicit Information in Preschoolers: The Role of Verbal and Inferential Skills. Discourse 
REFERENCES 
 
111 
 
Processes, 48(2), 119–138. doi.org/10.1080/0163853X.2010.494244 
Fritz, C. O., Morris, P. E., & Richler, J. J. (2012). Effect size estimates: Current use, calcula-
tions, and interpretation. Journal of Experimental Psychology: General, 141(1), 2–18. 
doi.org/10.1037/a0024338 
Garcia, J. R., & Cain, K. (2014). Decoding and reading comprehension: A meta-analysis to 
identify which reader and assessment characteristics influence the strength of the 
relationship in English. Review of Educational Research (Vol. 84). 
doi.org/10.3102/0034654313499616 
Geers, A. E., Brenner, C., & Davidson, L. (2003). Factors associated with development of 
speech perception skills in children implanted by age five. Ear and Hearing, 
24(Supplement), 24S–35S. doi.org/10.1097/01.AUD.0000051687.99218.0F 
Geers, A. E. (2004). Speech, language, and reading skills after early cochlear implantation. 
Archives of Otolaryngology–Head & Neck Surgery, 130(5), 634–638. 
doi.org/10.1001/archotol.130.5.634 
Geers, A. E. (2006). Spoken language in children with cochlear implants. In P. E. Spencer & 
M. Marschark (Eds.), Advances in the spoken language developmnet of deaf and hard-of-
hearing children (pp. 244–270). New York, NY: Oxford University Press. 
Geers, A. E., Mitchell, C. M., Warner-Czyz, A., Wang, N.-Y., & Eisenberg, L. S. (2017). Early 
Sign Language Exposure and Cochlear Implantation Benefits. Article PEDIATRICS, 
140(1). doi.org/10.1542/peds.2016-3489 
Geers, A. E., Moog, J. S., Biedenstein, J., Brenner, C., & Hayes, H. (2009). Spoken language 
scores of children using cochlear implants compared to hearing age-mates at school entry. 
Journal of Deaf Studies and Deaf Education, 14(3), 371–385. 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
112  
 
doi.org/10.1093/deafed/enn046 
Geers, A. E., Nicholas, J. G., & Sedey, A. L. (2003). Language skills of children with early 
cochlear implantation. Ear and Hearing, 24(1 SUPPL.), 46S--58S. 
doi.org/10.1097/01.AUD.0000051689.57380.1B 
Geers, A., & Sedey, A. (2002). Use of speech by children from total communication programs 
who wear cochlear implants. American Journal of Speech-Language Pathology, 
11(February), 50–58. doi.org/10.1044/1058-0360 
Giezen, M. R. (2011). Speech and Sign Perception in deaf children with cochlear implants. Lot 
(Vol. PhD). Retrieved from http://www.lotpublications.nl/publish/articles/ 
004244/bookpart.pdf 
Giezen, M. R., Baker, A. E., & Escudero, P. (2014). Relationships between spoken word and 
sign processing in children with cochlear implants. Journal of Deaf Studies and Deaf 
Education, 19(1), 107–125. doi.org/10.1093/deafed/ent040 
Gioia, G. A., Isquith, P. K., Guy, S. C., & Kenworthy, L. (2000). Test review: Behavior rating 
inventory of executive function. Child Neuropsychology, 6(3), 235–238. 
Giraud, A.-L., & Lee, H.-J. (2007). Predicting cochlear implant outcome from brain 
organisation in the deaf. Restorative Neurology and Neuroscience, 25, 381–390.  
Gobierno de España, Ministerio de Sanidad, Servicios Sociales e Igualidad. (2014). Encuesta 
Europea de Salud en España. Retrieved from 
https://www.msssi.gob.es/estadEstudios/estadisticas/EncuestaEuropea/Enc_Eur_Salud_e
n_Esp_2014_datos.htm 
Gobierno de España, Ministerio de Educación, Cultura y Deporte. (2016). Enseñanzas no 
REFERENCES 
 
113 
 
universitarias. Alumnado con necesidad específica de apoyo educativo. Curso 2014-2015. 
Retrieved from http://www.mecd.gob.es/dms/mecd/servicios-al-ciudadano-
mecd/estadisticas/educacion/no-universitaria/alumnado/necesidades-apoyo/2014-
15/Nota-Resumen.pdf 
Goodman, R. (1997). The strengths and difficulties questionnaire: A research note. Journal of 
Child Psychology and Psychiatry, 38(5), 581–6. doi.org/10.1111/j.1469-
7610.1997.tb01545.x 
Graesser, A. C., Singer, M., & Trabasso, T. (1994). Constructing inferences during narrative 
text comprehension. Psychological Review, 101(3), 371–395. doi.org/10.1037/0033-
295X.101.3.371 
Graesser, A. C., Wiemer-Hastings, P., & Wiemer Hastings, K. (2001). Constructing inferences 
and relations during text comprehension. In T. Sanders, J. Schilperoord, & W. Spooren 
(Eds.), Text representation: Linguistic and psycholinguistic aspects (pp. 249–272). Am-
sterdam/Philadelphia: John Benjamins. 
Gullberg, M., & Holmqvist, K. (1999). Keeping an eye on gestures: Visual perception of 
gestures in face-to-face comunication. Pragmatics & Cognition, 7(1), 35–63. 
doi.org/10.1075/pc.7.1.04gul 
Gustason, G., Pfetzing, D., & Zawolkow, E. (1980). Signing Exact English. Los Alamitos, CA: 
Modern Sign Press. 
Hall, M. L., & Bavelier, D. (2010). 30 Working memory, deafness, and Sign Language. The 
Oxford Handbook of Deaf Studies, Language, and Education, 2, 458–472. 
Hall, M. L., Eigsti, I. M., Bortfeld, H., & Lillo-Martin, D. (2017a). Auditory access, language 
access, and implicit sequence learning in deaf children. Developmental Science. 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
114  
 
doi.org/10.1111/desc.12575 
Hall, M. L., Eigsti, I. M., Bortfeld, H., & Lillo-Martin, D. (2017b). Auditory deprivation does 
not impair executive function, but language deprivation might: Evidence from a parent-
report measure in deaf native signing children. Journal of Deaf Studies and Deaf 
Education, 22(1), 9–21. doi.org/10.1093/deafed/enw054 
Harris, M. (2016). The impact of cochlear implants on deaf children’s literacy. In M. Marschark 
& P. E. Spencer (Eds.), The Oxford handbook of deaf studies in language (pp. 407–419). 
New York, NY: Oxford University Press. 
Harris, M., & Beech, J. R. (1998). Implicit phonological awareness and early reading 
development in prelingually deaf children. Journal of Deaf Studies and Deaf Education, 
3(3), 205–216. doi.org/10.1093/oxfordjournals.deafed.a014351 
Harris, M., & Terlektsi, E. (2011). Reading and spelling abilities of deaf adolescents with 
cochlear implants and hearing aids. Journal of Deaf Studies and Deaf Education, 16(1), 
24–34. doi.org/10.1093/deafed/enq031 
Hauser, P. C., Lukomski, J., & Hillman, T. (2008). Development of deaf and hard-of-hearing 
students’ executive function. In M. Marschark & P. C. Hauser (Eds.), Deaf cognition: 
Foundations and outcomes. New York, NY: Oxford University Press. 
Hintermair, M. (2013). Executive functions and behavioral problems in deaf and hard-of-
hearing students at general and special schools. Journal of Deaf Studies and Deaf 
Education, 18(3), 344–359. doi.org/10.1093/deafed/ent003 
Hirano, S., Naito, Y., Kojima, H., Honjo, I., Inoue, M., Shoji, K., … Konishi, J. (2000). 
Functional differentiation of the auditory association area in prelingually deaf subjects. 
Auris Nasus Larynx, 27(4), 303–310. doi.org/10.1016/S0385-8146(00)00072-9 
REFERENCES 
 
115 
 
Hoffmeister, R. (2000). A piece of the puzzle: ASL and reading comprehension in deaf children. 
In C. Chamberlain, J. P. Morford, & R. I. Mayberry (Eds.), Language acquisition by eye 
(pp. 143–163). Mahwah, NJ: Erlbaum. 
Holmqvist, K., Nyström, M., Andersson, R., Dewhurst, R., Jarodska, H., & Weijer, van de, J. 
(2011). Eye tracking: A comprehensive guide to methods and measures.New York, NY: 
Oxford University Press. 
Holt, R. F., & Svirsky, M. A. (2008). An exploratory look at pediatric cochlear implantation: 
Is earliest always best? Ear and Hearing, 29(4), 492–511. doi.org/10.1097/AUD. 
0b013e31816c409f. 
Holt, R. F., Svirsky, M. A., Neuburger, H., & Miyamoto, R. T. (2004). Age at implantation and 
communicative outcome in pediatric cochlear implant users: Is younger always better? 
International Congress Series, 1273, 368–371. doi.org/10.1016/j.ics.2004.08.043 
Horn, D. L., Davis, R. A. O., Pisoni, D. B., & Miyamoto, R. T. (2005). Behavioral inhibition 
and clinical outcomes in children with cochlear implants. The Laryngoscope, (115), 595–
600. doi.org/10.1097/01.mlg.0000161340.00258.1d 
Humphries, T., Kushalnagar, P., Mathur, G., Napoli, D. J., Padden, C., Rathmann, C., & Smith, 
S. (2016). Language choices for deaf infants. Clinical Pediatrics, 55(6), 513–517. 
doi.org/10.1177/0009922815616891 
Humphries, T., Kushalnagar, P., Mathur, G., Napoli, D. J., Padden, C., Rathmann, C., & Smith, 
S. R. (2012). Language acquisition for deaf children: Reducing the harms of zero tolerance 
to the use of alternative approaches. Harm Reduction Journal, 9, 1–9. 
doi.org/10.1186/1477-7517-9-16 
Ingvalson, E. M., & Wong, P. C. M. (2013). Training to improve language outcomes in cochlear 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
116  
 
implant recipients. Frontiers in Psychology, 4(MAY), 1–9. doi.org/10.3389/fpsyg. 
2013.00263 
Inscoe, J. R., Odell, A., Archbold, S., & Nikolopoulos, T. (2009). Expressive spoken language 
development in deaf children with cochlear implants who are beginning formal education. 
Deafness & Education International, 11(1), 39–55. doi.org/10.1002/dei.252 
Israelite, N., Ewoldt, C., & Hoffmeister, R. (1992). Bilingual-bicultural education for deaf and 
hard-of-hearing students. Toronto, Canada: MGS Publications Services. 
Janjua, F., Woll, B., & Kyle, J. (2002). Effects of parental style of interaction on language 
development in very young severe and profound deaf children. International Journal of 
Pediatric Otorhinolaryngology, 64(3), 193–205.doi.org/10.1016/S0165-5876(02)00069-1 
Jiménez, M. S., Pino, M. J., & Herruzo, J. (2009). A comparative study of speech development 
between deaf children with cochlear implants who have been educated with spoken or 
spoken + sign language. International Journal of Pediatric Otorhinolaryngology, 73(1), 
109–114. doi.org/10.1016/j.ijporl.2008.10.007 
Johnson-Laird, P. N. (1983). Mental models: Towards a cognitive science of language, 
inference, and consciousness. Cambridge: Cambridge University Press. 
Johnson, R. E., Liddell, S. K., & Erting, C. J. (1989). Unlocking the curriculum: Principles for 
achieving access in deaf education. Teaching English to Deaf and Second Language 
Students, 10, 1–35.  
Juárez-Sánchez, A., & Monfort, M. (2010). Niños con implantación coclear bilateral: Variación 
en los resultados [Children with bilateral cochlear implants: Differences in the outcomes]. 
Revista de Logopedia, Foniatria Y Audiologia, 30(3), 130–135. doi.org/10.1016/S0214-
4603(10)70160-1 
REFERENCES 
 
117 
 
Karasinski, C., & Weismer, S. E. (2010). Comprehension of inferences in discourse processing 
by adolscents with and without language impairment. Journal of Speech Language and 
Hearing Research, 53(5), 1268–1279. doi.org/10.1044/1092-4388(2009/09-0006) 
Kelly, L., & Barac-Cikoja, D. (2007). The comprehension of skilled deaf readers: The roles of 
word recognition and other potentially critical aspectsof competence. In K. Cain & J. 
Oakhill (Eds.), Childrens’ comprehension problems in oral and written language: A 
cognitive perspective (pp. 244–280). New York: Guilford. 
Kelly, S. D., Özyürek, A., & Maris, E. (2010). Two Sides of the Same Coin. Psychological 
Science, 21(2), 260–267. doi.org/10.1177/0956797609357327 
Kintsch, W. (1988). The role of knowledge in discourse comprehension: A construction 
integration model. Psychological Review, 95(2), 163–182. doi.org/10.1037//0033-
295X.95.2.163 
Kintsch, W. (1998). Comprehension: A paradigm for cognition. Cambridge University Press. 
Kirchner, C. J. (2014). Educational success = environmental change. Paper presented at the 
Symposium on Sign Bilingualism and Deaf Education, the Chinese University of Hong 
Kong 
Kirchner, W. K. (1958). Age differences in short-term retention of rapidly changing 
information. Journal of Experimental Psychology, 55(4), 352–358. doi.org/10.1037/h004 
3688 
Kirk, K. I., Miyamoto, R. T., Ying, E. A., Perdew, A. E., & Zuganelis, H. (2000). Cochlear 
implantation in young children: Effects of age at implantation and communicative mode. 
Volta Review, 102(4), 127. 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
118  
 
Klatter-Folmer, J., van Hout, R., Kolen, E., & Verhoeven, L. (2006). Language development in 
deaf children’s interactions with deaf and hearing adults: A dutch longitudinal study. 
Journal of Deaf Studies and Deaf Education, 11(2), 238–251. 
doi.org/10.1093/deafed/enj032 
Kliegl, R., Masson, M. E. J., & Richter, E. M. (2010). A linear mixed model analysis of masked 
repetition priming. Visual Cognition, 18(5), 655–681. 
doi.org/10.1080/13506280902986058 
Klin, C. M., Guzmán, A. E., & Levine, W. H. (1999). Prevalence and Persistence of Predictive 
Inferences. Journal of Memory and Language, 40(4), 593–604. 
doi.org/10.1006/jmla.1998.2628 
Klin, C. M., Murray, J. D., Levine, W. H., & Guzmán, A. E. (1999). Forward inferences: From 
activation to long-term memory. Discourse Processes, 27(3), 241–260. 
Knoors, H. (2016). Foundations for language development in deaf children and the 
consequences for communication choices. In M. Marschark & P. E. Spencer (Eds.), The 
Oxford handbook of deaf studies in language (pp. 19–31). New York, NY: Oxford 
University Press. 
Knoors, H., & Marschark, M. (2012). Language planning for the 21st century: Revisiting 
bilingual language policy for deaf children. Journal of Deaf Studies and Deaf Education, 
17(3), 291–305. doi.org/10.1093/deafed/ens018 
Knoors, H., & Marschark, M. (2014). Teaching deaf learners: Psychological and 
developmental foundations.  New York, NY: Oxford University Press. 
Knoors, H., & Marschark, M. (2015). Educating Deaf Learners: Creating a Global Evidence 
Base. New York: Oxford University Press. 
REFERENCES 
 
119 
 
Knoors, H., Tang, G., & Marschark, M. (2014). Bilingualism and bilingual deaf education: 
Time to take stock. In M. Marschark, G. Tang, & H. Knoors (Eds.), Bilingualism and 
bilingual deaf eucation (pp. 1–22). New York, NY: Oxford University Press. 
Koo, D., Crain, K., Lasasso, C., & Eden, G. F. (2008). Phonological awareness and short-term 
memory in hearing and deaf individuals of different communication backgrounds. Annals 
of the New York Academy of Sciences, 1145, 83–99. doi.org/10.1196/annals.1416.025 
Kral, A., & Sharma, A. (2012). Developmental neuroplasticity after cochlear implantation. 
Trends in Neurosciences, 35(2), 111–122. doi.org/10.1016/j.tins.2011.09.004. 
Kronenberger, W. G., Beer, J., Castellanos, I., Pisoni, D. B., & Miyamoto, R. T. (2014). 
Neurocognitive risk in children with cochlear implants. JAMA Otolaryngology - Head and 
Neck Surgery, 140(7), 608–615. doi.org/10.1001/jamaoto.2014.757 
Kronenberger, W. G., Colson, B. G., Henning, S. C., & Pisoni, D. B. (2014). Executive 
functioning and speech-language skills following long-term use of cochlear implants. 
Journal of Deaf Studies and Deaf Education, 19(4), 456–470. 
doi.org/10.1093/deafed/enu011 
Kronenberger, W. G., Pisoni, D. B., Harris, M. S., Hoen, H. M., Xu, H., & Miyamoto, R. T. 
(2013). Profiles of verbal working memory growth predict speech and language 
development in children with cochlear implants. Journal of Speech, Language and 
Hearing Research, 56(3), 805–825. doi.org/10.1044/1092-4388(2012/11-0356) 
Kronenberger, W. G., Pisoni, D. B., Henning, S. C., & Colson, B. G. (2013). Executive func-
tioning skills in long-term users of cochlear implants: A case control study. Journal of 
Pediatric Psychology, 38(8), 902–914. doi.org/10.1093/jpepsy/jst034 
Kushalnagar, P., Topolski, T. D., Schick, B., Edwards, T. C., Skalicky, A. M., & Patrick, D. L. 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
120  
 
(2011). Mode of communication, perceived level of understanding, and perceived quality 
of life in youth who are deaf or hard of hearing. Journal of Deaf Studies and Deaf 
Education, 16(4), 512–523. doi.org/10.1093/deafed/enr015 
Kyle, F. E., & Cain, K. (2015). A comparison of deaf and hearing children’s reading 
comprehension profiles. Topics in Language Disorders, 35(2), 144–156. 
doi.org/10.1097/TLD.0000000000000053 
Kyle, F. E., & Harris, M. (2006). Concurrent correlates and predictors of reading and spelling 
achievement in deaf and hearing school children. Journal of Deaf Studies and Deaf 
Education, 11(3), 273–288. doi.org/10.1093/deafed/enj037 
Kyle, F. E., & Harris, M. (2011). Longitudinal patterns of emerging literacy in beginning deaf 
and hearing readers. Journal of Deaf Studies and Deaf Education, 16(3), 289–304. 
doi.org/10.1093/deafed/enq069 
Lachs, L., Pisoni, D. B., & Kirk, K. I. (2001). Use of audiovisual information in speech 
perception by prelingually deaf children with cochlear implants: A first report. Ear and 
Hearing, 22(3), 236–251. doi.org/10.1097/00003446-200106000-00007 
Lansing, C. R., & McConckie, G. W. (1999). Attention to facial regions in segmental and pro-
sodic visual speech perception tasks. Journal of Speech Language and Hearing Research, 
42, 526–539. 
Lederberg, A. R., Schick, B., Spencer, P. E. (2013). Language and literacy development of deaf 
and hard-of-hearing children: successes and challenges. Developmental Psychology, 
49(1), 15–30. doi.org/10.1037/a0029558 
Leigh, G. (2008). Changing parameters in deafness and deaf education: Greater opportunity but 
continuing diversity. In M. Marschark & P. C. Hauser (Eds.), Deaf Cognition: 
REFERENCES 
 
121 
 
Foundations and Outcomes. New York, NY: Oxford University Press. 
Leigh, J., Dettman, S., Dowell, R., & Briggs, R. (2013). Communication development in 
children who receive a cochlear implant by 12 months of age. Otology & Neurotology, 34, 
443–450. 
Leigh, J., Dettman, S., Dowell, R., & Sarant, J. (2011). Evidence-based approach for making 
cochlear implant recommendations for infants with residual hearing. Ear and Hearing, 
32(3), 313–322. doi.org/10.1097/AUD.0b013e3182008b1c 
Levänen, S., & Hamdorf, D. (2001). Feeling vibrations: Enhanced tactile sensitivity in 
congenitally deaf humans. Neuroscience Letters, 301(1), 75–77. 
doi.org/doi.org/10.1016/S0304-3940(01)01597-X 
Leybaert, J., Bayard, C., Colin, C., & LaSasso, C. (2016). Cued speech and cochlear implants: 
A powerful combination for natural spoken language acquisition and the development of 
reading. In M. Marschark & P. E. Spencer (Eds.), The Oxford handbook of deaf studies in 
language (pp. 359–376). New York, NY: Oxford University Press. 
Leybaert, J., & LaSasso, C. J. (2010). Cued speech for enhancing speech perception and first 
language development of children with cochlear implants. Trends in Amplification, 14(2), 
96–112. doi.org/10.1177/1084713810375567 
Lichtenstein, E. (1998). The relationships between reading processes and English skills of deaf 
college students. Journal of Deaf Studies and Deaf Education, 3(2), 80–134.  
Linderholm, T. (2002). Predictive Inference Generation as a Function of Working Memory 
Capacity and Causal Text Constraints. Discourse Processes, 34(3), 259–280. 
doi.org/10.1207/S15326950DP3403_2 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
122  
 
Loke, W. H., & Song, S. (1991). Central and peripheral visual processing in hearing and non-
hearing individuals. Bulletin of the Psychonomic Society, 29(5), 437–440. 
doi.org/10.3758/bf03333964 
Long, D. L., & Chong, J. L. (2001). Comprehension skill and global coherence: a paradoxical 
picture of poor comprehenders’ abilities. Journal of Experimental Psychology. Learning, 
Memory, and Cognition, 27(6), 1424–1429. doi.org/10.1037/0278-7393.27.6.1424 
López-Crespo, G., Daza, M. T., & Méndez-López, M. (2012). Visual working memory in deaf 
children with diverse communication modes: Improvement by differential outcomes. 
Research in Developmental Disabilities, 33, 362–368. doi.org/10.1016/j.ridd.2011.10.022 
Lucas, C., & Valli, C. (1992). Language contact in the American Deaf Community. San Diego, 
CA: Academic Press. 
Lyness, C. R., Woll, B., Campbell, R., & Cardin, V. (2013). How does visual language affect 
crossmodal plasticity and cochlear implant success? Neuroscience and Biobehavioral 
Reviews, 37(10), 2621–2630. doi.org/10.1016/j.neubiorev.2013.08.011 
MacSweeney, M., Capek, C. M., Campbell, R., & Woll, B. (2008). The signing brain: the 
neurobiology of sign language. Trends in Cognitive Sciences, 12(11), 432–440. 
doi.org/10.1016/j.tics.2008.07.010 
Magliano, J. P., Larson, A. M., Higgs, K., & Loschky, L. C. (2016). The relative roles of 
visuospatial and linguistic working memory systems in generating inferences during visual 
narrative comprehension. Memory & Cognition, 44(2), 207–219. doi.org/10.3758/s13421-
015-0558-7 
Mann, W., & Haug, T. (2016). New directions in signed language assessment. In M. Marschark 
& P. E. Spencer (Eds.), The Oxford handbook of deaf studies in language (pp. 299–310). 
REFERENCES 
 
123 
 
New York, NY: Oxford University Press. 
Manrique, M., Cervera-Paz, F. J., Huarte, A., & Molina, M. (2004). Advantages of cochlear 
implantation in prelingual deaf children before 2 years of age when compared with later 
implantation. The Laryngoscope, 114(8), 1462–1469. doi.org/10.1097/00005537-
200408000-00027 
Manrique, M., & Huarte, A. (2002). Implantes cocleares [Cochlear implants] Barcelona: 
Masson  
Marchman, V. A., & Fernald, A. (2008). Speed of word recognition and vocabulary knowledge 
in infancy predict cognitive and language outcomes in later childhood. Developmental 
Science, 11(3). doi.org/10.1111/j.1467-7687.2008.00671.x 
Markman, T. M., Quittner, A. L., Eisenberg, L. S., Tobey, E. A., Thal, D., Niparko, J. K., … 
The CDaCI InvestigativeTeam. (2011). Language development after cochlear 
implantation: An epigenetic model. Journal of Neurodevelopmental Disorders, 3, 388–
404. doi.org/10.1007/s11689-011-9098-z 
Marmor, G., & Petitto, L. A. (1979). Simultaneous communication in the classroom: How well 
is English grammar represented? Sign Language Studies, 23(1), 99–136. 
doi.org/10.1353/sls.1979.0010 
Marschark, M. (2003). Interactions of language and cognition in deaf learners: From research 
to practice. International Journal of Audiology, 42, 41–48. doi.org/10.3109/ 
14992020309074623 
Marschark, M., & Hauser, P. C. (2008). Deaf cognition: Foundations and outcomes. New York, 
NY: Oxford University Press. doi.org/10.1093/acprof:oso/9780195368673.001.0001 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
124  
 
Marschark, M., & Hauser, P. C. (2012). How deaf children learn. New York, NY: Oxford 
University Press. 
Marschark, M., & Knoors, H. (2012). Educating deaf children: language, cognition, and 
learning. Deafness & Education International, 14(3), 136–160. 
doi.org/10.1179/1557069X12Y.0000000010 
Marschark, M., Morrison, C., Lukomski, J., Borgna, G., & Convertino, C. (2013). Are deaf 
students visual learners? Learning and Individual Differences, 25, 156–162. 
doi.org/10.1016/j.lindif.2013.02.006 
Marschark, M., Pelz, J. B., Convertino, C., Sapere, P., Arndt, M. E., & Seewagen, R. (2005). 
Classroom interpreting and visual information processing in mainstream education for 
deaf students: Live or memorex? American Educational Research Journal, 42(4), 726–
761. doi.org/10.3102/00028312042004727 
Marschark, M., Rhoten, C., & Fabich, M. (2007). Effects of cochlear implants on children’s 
reading and academic achievement. Journal of Deaf Studies and Deaf Education, 12(3), 
269–282. doi.org/10.1093/deafed/enm013 
Marschark, M., Sapere, P., Convertino, C., & Pelz, J. (2008). Learning via direct and mediated 
instruction by deaf students. Journal of Deaf Studies and Deaf Education, 13(4), 546–561. 
doi.org/10.1093/deafed/enn014 
Marschark, M., Sapere, P., Convertino, C., Seewagen, R., & Maltzen, H. (2004). 
Comprehension of Sign Language Interpreting: Deciphering a Complex Task Situation. 
Sign Language Studies, 4(4), 345–368. doi.org/10.1353/sls.2004.0018 
Marschark, M., Sarchet, T., & Trani, A. (2016). Effects of Hearing Status and Sign Language 
Use on Working Memory. Journal of Deaf Studies and Deaf Education, 148–155. 
REFERENCES 
 
125 
 
doi.org/10.1093/deafed/env070 
Marschark, M., Shaver, D. M., Nagle, K. M., & Newman, L. A. (2015). Predicting the academic 
achievement of deaf and hard-of-hearing students from individual, household, 
communication, and educational factors. Exceptional Children, 81(3), 350–369. 
doi:10.1177/0014402914563700 
Marschark, M., Spencer, L. J., Durkin, A., Borgna, G., Convertino, C., Machmer, E., … Trani, 
A. (2015). Understanding language, hearing status, and visual-spatial skills. Journal of 
Deaf Studies and Deaf Education, 20(4), 310–330. doi.org/10.1093/deafed/env025 
Marschark, M., Tang, G., & Knoors, H. (2014). Bilingualism and bilingual deaf education.. 
New York, NY: Oxford University Press. 
Marschark, M., & Wauters, L. (2008). Language comprehension and learning by deaf students. 
In M. Marschark & P. C. Hauser (Eds.), Deaf cognition: Foundations and outcomes (pp. 
309–350). New York, NY: Oxford University Press. 
Marshall, C., Jones, A., Denmark, T., Mason, K., Atkinson, J., Botting, N., & Morgan, G. 
(2015). Deaf children’s non-verbal working memory is impacted by their language 
experience. Frontiers in Psychology, 6(JAN), 1–12. /doi.org/10.3389/fpsyg.2015.00527 
Mastrantuono, E., Saldaña, D., & Rodríguez-Ortiz, I. R. (2017). An eye tracking study on the 
perception and comprehension of unimodal and bimodal linguistic inputs by deaf adoles-
cents. Frontiers in Psychology, 8(JUN), 1–14. doi.org/10.3389/fpsyg.2017.01044 
Maxwell, M. (1990). Simultaneous communication: The state of the art and proposals for 
change. Sign Language Studies, 69, 333-390. 
Mayer, C. (2016). Rethinking total communication: Looking back, moving forward. In M. 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
126  
 
Marschark & P. E. Spencer (Eds.), The Oxford handbook of deaf studies in language (pp. 
32–44). New York, NY: Oxford University Press. 
McKoon, G., & Ratcliff, R. (1992). Inference during reading. Psychological Review, 99(3), 
440–466. doi.org/10.1037/0033-295X.99.3.440 
Meadow, K. P. (1980). Deafness and child development. London: Edward Arnold. 
Miller, J. (1986). Time course of coactivation in bimodal divided attention. Perception & 
Psychophysics, 40(5), 331–343. doi.org/10.3758/BF03203025 
Miller, P. (2002). Another look at the STM capacity of prelingually deafened individuals and 
its relation to reading comprehension. American Annals of the Deaf, 147(5), 56–70. 
doi.org/10.1353/aad.2012.0226 
Mitchell, T. V. (1996). How audition shapes visual attention. Bloomington, IN. Indiana 
University Department of Psychology. 
Miyamoto, R. T., Houston, D. M., Kirk, K. I., Perdew, A. E., & Svirsky, M. A. (2003). 
Language development in deaf infants following cochlear implantation. Acta 
OtoLaryngologica, 123(2), 241–244. doi.org/10.1080/00016480310001079 
Miyamoto, R. T., Kirk, K. I., Svirsky, M. A., & Sehgal, S. T. (1999). Communication skills in 
pediatric cochlear implant recipients. Acta Otolaryngologica, 119(2), 219–224. 
doi.org/10.1080/00016489950181701 
Miyamoto, R. T., Svirsky, M. A., & Robbins, A. M. (2009). Enhancement of Expressive Lan-
guage in Prelingually Deaf Children with Cochlear Implants. Acta OtoLaryngologica, 
6489(March), 154–157. doi.org/10.3109/00016489709117758 
Mollink, H., Hermans, D., & Knoors, H. (2008). Vocabulary training of spoken words in hard-
REFERENCES 
 
127 
 
of-hearing children. Deafness and Education International, 10(2), 80–92. 
doi.org/10.1002/dei.240 
Montgomery, A. A., & Jackson, P. L. (1983). Physical characteristics of the lips underlying 
vowel lipreading performance. The Journal of the Acoustical Society of America, 73(6), 
2134–44. doi.org/10.1121/1.389537 
Montgomery, J. W. (2005). Effects of input rate and age on the real-time language processing 
of children with specific language impairment. International Journal of Language and 
Communication Disorders, 40(2), 171–188. doi.org/10.1080/13682820400011069 
Morales-López, E. (2008). Sign bilingualism in Spanish deaf education. In C. Paza-Pust & E. 
Morales-López (Eds.), Sign bilingualism: Language development, interaction, and 
maintenance in sign language contact situations (pp. 223–276). Amsterdam: John 
Benjamins. 
Muir, L. J., & Richardson, I. E. G. (2002). Video telephony for the deaf: analysis and 
development of an optimised video compression product. Tenth ACM International 
Conference on Multimedia, 650–652. doi.acm.org/10.1145/ 641007.641137 
Muir, L. J., & Richardson, I. E. G. (2005). Perception of sign language and its application to 
visual communications for deaf people. Journal of Deaf Studies and Deaf Education, 
10(4), 390–401. doi.org/10.1093/deafed/eni037  
Musselman, C. R., Lindsay, P. H., & Wilson, A. K. (1988). An evaluation of recent trends in 
preschool programming for hearing-impaired children. Journal of Speech and Hearing 
Disorders, 53, 71–88. 
Neville, H. J., & Lawson, D. (1987). Attention to central and peripheral visual space in a 
movement detection task: an event-related potential and behavioral study. II. Congenitally 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
128  
 
deaf adults. Brain Research. doi.org/10.1016/0006-8993(87)90296-4 
Neville, H., & Lawson, D. (1987). Attention to central and peripheral visual space in a 
movement detection task: an event-related potential and behavioral study. I. Normal 
hearing adults. Brain Research. doi.org/10.1016/0006-8993(87)90295-2 
Nicholas, J. G., & Geers, A. E. (2003). Hearing status, language modality, and young children’s 
communicative and linguistic behavior. Journal of Deaf Studies and Deaf Education, 8(4), 
422–437. doi.org/10.1093/deafed/eng029 
Nicholas, J. G., & Geers, A. E. (2007). Will they catch up? The role of age at cochlear 
implantation in the spoken language development of children with severe-profound 
hearing loss. Journal of Speech Language and Hearing Research, 50(4), 1048–1062. 
doi.org/10.1044/1092-4388(2007/073) 
Nicholas, J. G., & Geers, A. E. (2008). Expected test scores for preschoolers with a cochlear 
implant who use spoken language. American Journal of Speech-Language Pathology, 
17(2), 121–138. doi.org/10.1044/1058-0360(2008/013) 
Nicholas, J. G., & Geers, A. E. (2013). Spoken language benefits of extending cochlear implant 
candidacy below 12 months of age. Otology and Neurotology, 34(3), 532–538. 
doi.org/10.1097/MAO.0b013e318281e215 
Nikolopoulos, T. P., Dyar, D., Archbold, S., & O’Donoghue, G. M. (2004). Development of 
Spoken Language Grammar Following Cochlear Implantation in Prelingually Deaf 
Children. Archives of Otolaryngology - Head and Neck Surgery, 130(5), 629–633. 
doi.org/10.1001/archotol.130.5.629 
Niparko, J. K., Tobey, E. A., Thal, D. J., Eisenberg, L. S., Wang, N.-Y., Quittner, A. L., & Fink, 
N. E. (2010). Spoken language development in children following cochlear implantation. 
REFERENCES 
 
129 
 
Jama, 303(15), 1498–506. doi.org/10.1001/jama.2010.451 
Oakhill, J. V, & Cain, K. E. (2000). Children’s Difficulties in Text Comprehension: Assessing 
Causal Issues. Journal of Deaf Studies and Deaf Education, 5(1), 51–59. 
doi.org/10.1093/deafed/5.1.51 
Padden, C. A., & Humphries, T. L. (1990). Deaf in America: Voices from a culture. Cambridge, 
MA: Harvard University Press. 
Paivio, A. (2010). Dual coding theory and the mental lexicon. The Mental Lexicon, 5(2), 205–
230. doi.org/10.1075/ml.5.2.04pai 
Paivio, A., Clark, J. M., & Lambert, W. E. (1988). Bilingual dual-coding theory and semantic 
repetition effects on recall. Journal of Experimental Psychology: Learning, Memory, and 
Cognition, 14(1), 163–172. doi.org/10.1037/0278-7393.14.1.163 
Paludneviciene, R., & Leigh, I. (2011). Cochlear implants: Evolving perspectives. Washington, 
DC: Gallaudet University Press. 
Parasnis, I., & Samar, V. J. (1985). Parafoveal attention in congenitally deaf and hearing young 
adults. Brain and Cognition, 4(3), 313–327. doi.org/10.1016/0278-2626(85)90024-7 
Pelegrina, S., Lechuga, M. T., García-Madruga, J. A., Elosúa, M. R., Macizo, P., Carreiras, M., 
… Bajo, M. T. (2015). Normative data on the n-back task for children and young adoles-
cents. Frontiers in Psychology, 6(OCT), 1–11. doi.org/10.3389/fpsyg.2015.01544 
Pelz, J. B., Marschark, M., & Convertino, C. M. (2008). Visual gaze as a marker of deaf 
students’attention during mediated instruction. In M. Marschark & P. C. Hauser (Eds.), 
Deaf cognition: Foundations and outcomes (pp. 264–285). New York, NY: Oxford 
University Press. 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
130  
 
Peracchi, K. a, & O’Brien, E. J. (2004). Character profiles and the activation of predictive 
inferences. Memory & Cognition, 32(7), 1044–1052. doi.org/15813488 
Pérez, A. I., Paolieri, D., Macizo, P., & Bajo, T. (2014). The role of working memory in 
inferential sentence comprehension. Cognitive Processing, 15(3), 405–413. 
doi.org/10.1007/s10339-014-0611-7 
Pérez Martin, M., Valmaseda Balanzategui, M., & Morgan, G. (2014). Sign bilingual and co-
enrollment education for children with cochlear implants in Madrid, Spain. Bilingualism 
and Bilingual Deaf Education, 368–395. doi.org/10.1093/acprof:oso/9780199371815. 
003.0015 
Pinker, S. (1994). The language instinct. New York, NY: William Norrow and Company. 
Pisoni, D. B., & Cleary, M. (2003). Measures of working memory span and verbal rehearsal 
speed in deaf children after cochlear implantation. Ear and Hearing, 24. 
doi.org/10.1097/01.AUD.0000051692.05140.8E 
Pisoni, D. B., Conway, C. M., Kronenberger, W. G., Henning, S., & Anaya, E. (2010). 
Executive fucntion, cognitive control and sequence learning in deaf children with cochlear 
implants. In M. S. Marschark & P. E. Spencer (Eds.), Oxford handbook of deaf studies, 
language , and education (pp. 439–457). New York:Oxford University Press. 
Pisoni, D. B., Conway, C. M., Kronenberger, W. G., Horn, D. L., Karpicke, J., & Henning, C. 
S. (2008). Efficacy and effectiveness of cochlear implants in deaf children. In M. 
Marschark & P. C. Hauser (Eds.), Deaf cognition: Foundations and outcomes (pp. 52–
101). New York: Oxford University Press, 
Pisoni, D. B., & Geers, A. E. (2000). Working memory in deaf children with cochlear implants: 
Correlations between digit span and measures of spoken language processing. The Annals 
REFERENCES 
 
131 
 
of Otology, Rhinology & Laryngology. Supplement, 185.  
Pollatsek, A., Rayner, K., & Collins, W. E. (1984). Integrating pictorial information across eye 
movements. Journal of Experimental Psychology: General, 113(3), 426–442. 
doi.org/10.1016/0010-0285(80)90009-2 
Posner, M. I. (1980). Orienting of attention. The Quarterly Journal of Experimental 
Psychology, 32(1), 3–25. doi.org/10.1080/00335558008248231 
Potocki, A., Sanchez, M., Ecalle, J., & Magnan, A. (2017). Linguistic and Cognitive Profiles 
of 8- to 15-Year-Old Children With Specific Reading Comprehension Difficulties. Jour-
nal of Learning Disabilities, 50(2), 128–142. doi.org/10.1177/0022219415613080 
Power, D. (2009). Deaf education and the deaf community in Australia. In D. F. Moores & M. 
S. Miller (Eds.), Deaf people around the world: Educational and social perspectives (pp. 
3–16). Washington DC: Gallaudet University Press. 
Proksch, J., & Bavelier, D. (2002). Changes in the spatial distribution of visual attention after 
early deafness. Journal of Cognitive Neuroscience, 14(5), 687–701. 
doi.org/10.1162/08989290260138591 
Qi, S., & Mitchell, R. E. (2012). Large-scale academic achievement testing of deaf and hard-
of-hearing students: Past, present, and future. Journal of Deaf Studies and Deaf Education, 
17(1), 1–18. doi.org/10.1093/deafed/enr028 
Raven, J. C., Court, J. H., & Raven, J. (1995). Raven Matrices Progresivas (Escalas: CPM, 
SPM; APM), [Raven’s Progressive Matrices (Forms: CPM; SPM, APM)]. Madrid: TEA 
Ediciones, S.A. 
Rayner, K. (1998). Eye movements in reading and information processing: 20 years of research. 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
132  
 
Psychological Bulletin, 124(3), 372–422. doi.org/10.1037/0033-2909.124.3.372 
Rayner, K., & Morrison, R. E. (1981). Eye movements and identifying words in parafoveal 
vision. Bulletin of the Psychonomic Society, 17(3), 135–138. 
doi.org/10.3758/BF03333690 
Rees, R., Fitzpatrick, C., Foulkes, J., Peterson, H., & Newton, C. (2017). Can explicit training 
in Cued Speech improve phoneme identification? Deafness & Education International, 1–
19. 
Rettenbach, R., Diller, G., & Sireteanu, R. (1999). Do deaf people see better? Texture 
segmentation and visual search compensate in adult but not in juvenile subjects. Journal 
of Cognitive Neuroscience, 11(5), 560–583. doi.org/10.1162/089892999563616 
Rinaldi, P., & Caselli, M. C. (2014). Language development in a bimodal bilingual child with 
cochlear implant: A longitudinal study. Bilingualism: Language and Cognition, 17(4), 
798–809. doi.org/10.1017/S1366728913000849 
Robbins, A. M., Bollard, P. M., & Green, J. (1999). Language development in children 
implanted with the CLARION cochlear implant. American Journal of Otology, Rhinology 
and Laryngology, 108, 113–118.  
Robinson, B., & Fuller, B. (2004). N-BackTest. Unpublished instrument. Retrieved from 
http://step.psy.cmu.edu/scripts-plus/. 
Rodríguez-Ortiz, I. (2005). Comunicar a través del Silencio: Las posibilidades de la lengua de 
signos española [Communicating in Silence: The possibilities of Spanish Sign Language] 
(Secretaria). Seville. 
Rodríguez Ortiz, I. R., & Mora Roche, J. (2007). El uso educativo de la Lengua de Signos 
REFERENCES 
 
133 
 
Española (LSE) y su problemática. Revista de Educación, 342(342), 419–441. 
Rodríguez-Ortiz, I., Saldaña, D., & Moreno-Perez, J. (2017). How speechreading contributes 
to reading in a transparent ortography: The case of Spanish deaf people. Journal of 
Research in Reading, 40(1), 75-90. doi: 10.1111/1467-9817.12062 
Rönnberg, J., Andersson, J., Andersson, U., Johansson, K., Lyxell, B., & Samuelsson, S. 
(1998). Cognition as a bridge between signal and dialogue: communication in the hearing 
impaired and deaf. Scandinavian Audiology. Supplementum, 49(February), 101–108. 
doi.org/10.1080/010503998420720 
Rönnberg, J., Samuelsson, S., & Lyxell, B. (1998). Conceptual constraints in sentence-based 
lipreading in the hearing-impaired. In R. Campbell, B. Dodd, & D. Burnham (Eds.), 
Hearing by eye: The psychology of speechreading and auditory-visual speech (Vol. 2, pp. 
143–153). Hove, UK: Psychology Press. 
Russel, D. (2010). Inclusion or the illusion of inclusion: A study of interpreters working with 
deaf students in inclusive education settings. Canada: University of Alberta 
Saida, S., & Ikeda, M. (1979). Useful visual field size for pattern perception. Perception & 
Psychophysics, 25(2), 119–125. doi.org/10.3758/BF03198797 
Schick, B., de Villiers, J., de Villiers, P., & Hoffmeister, R. (2007). Language and theory of 
mind: A study of deaf children. Journal of Chemical Information and Modeling, 78(2), 
376–396. doi.org/10.1017/CBO9781107415324.004 
Schick, B., & Moeller, M. P. (1992). What is learnable in manually coded English sign systems? 
Applied Psycholinguistics, 13, 313–340. doi.org/10.1017/S014271640000566X 
Schirmer, B. R. (2001). Psychological, social, and educational dimensions of deafness. In Allyn 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
134  
 
& Bacon (Eds.). Boston, MA: Needam Heights.  
Schlesinger, H. S. (1986). Total communication in perspective. In D. M. Luterman (Ed.), 
Deafness in perspective (pp. 87–116). San Diego, CA: College-Hill Press. 
Schneider, W., Eschman, A., & Zuccolotto, A. (2002). E-Prime Users´Guide (Psychology). 
Pittsburg, PA. 
Scott, G. D., Karns, C. M., Dow, M. W., Stevens, C., & Neville, H. J. (2014). Enhanced 
peripheral visual processing in congenitally deaf humans is supported by multiple brain 
regions, including primary auditory cortex. Frontiers in Human Neuroscience, 8(177). 
doi.org/10.3389/fnhum.2014.00177 
Scouten, E. L. (1984). Turning points in the education of deaf people. Danville, IL: Interstate 
Publishers. 
Shaver, D. M., Marschark, M., Newman, L., & Marder, C. (2014). Who is where? 
Characteristics of deaf and hard-of-hearing students in regular and special schools. Journal 
of Deaf Studies and Deaf Education, 19(2), 204–219. doi.org/10.1093/deafed/ent056 
Siple, P. (1978). Visual constraints for Sign Language communication. Sign Language Studies, 
19(1), 95–110. doi.org/doi:10.1353/sls.1978.0010 
Spencer, L., Barker, B. A., & Tomblin, J. B. (2003). Exploring the language and literacy out-
comes of pediatric cochlear implant users. Ear and Hearing, 24(3), 236–247. 
doi.org/10.1097/01.AUD.0000069231.72244.94. 
Spencer, L. J., Tye-Murray, N., & Tomblin, J. B. (1998). The production of English inflection-
al morphology, speech production and listening performance in children with cochlear 
implants. Ear and Hearing, 19(4), 310–318. doi.org/10.1016/j.pestbp.2011.02.012 
REFERENCES 
 
135 
 
Spencer, L., & Tomblin, J. B. (2006). Speech production and spoken language development of 
children using “Total Communication.” In P. E. Spencer & M. Marschark (Eds.), Ad-
vances in the spoken language developmnet of deaf and hard-of-hearing children (pp. 
166–192). NY: Oxford University Press. 
Spencer, P. E. (2016). It seems like only yesterday... In M. Marschark & P. E. Spencer (Eds.), 
The Oxford handbook of deaf studies in language (pp. 3–18). New York, NY. Oxford 
University Press. 
Spencer, P. E., & Marschark, M. (2010). Evidence-based practice in educating deaf and hard-
of-hearing students. New York, NY: Oxford University Press. 
Spencer, P. E., Marschark, M., & Spencer, L. J. (2011). Cochlear implants:Advances, Issues, 
and implications. In M. Marschark & P. E. Spencer (Eds.), The Oxford handbook of deaf 
studies, language, and education (pp. 452–470). New York, NY: Oxford University Press. 
Stacey, P. C., Fortnum, H. M., Barton, G. R., & Summerfield, A. Q. (2006). Hearing-impaired 
children in the United Kingdom, I : Auditory performance, communication skills , 
educational achievements , quality of life , and cochlear implantation. Ear & Hearing, 27, 
161–186. doi.org/10.1097/01.aud.0000202353.37567.b4 
Stacey, P. C., Fortnum, H. M., Barton, G. R., Summerfield, A. Q. (2006) Hearing-impaired 
children in the United Kingdom, I: Auditory performance, communication skills, 
educational achievements, quality of life, and cochlear implantation. Ear and Hearing, 27, 
161–186. 
Stinson, M., & Foster, S. (2000). Socialization of deaf children and youths in school. In P. 
Spencer, C. Erting, & M. Marschark (Eds.), The deaf child in the family and at school (pp. 
151–174). Mahwah, NJ: Lawrence Erlbaum Associates, Inc. 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
136  
 
Stinson, M. S., & Antia, S. D. (1999). Considerations in educating deaf and hard-of-hearing 
students in inclusive settings. Journal of Deaf Studies and Deaf Education, 4(3), 163–75. 
doi.org/10.1093/deafed/4.3.163 
Stinson, M. S., & Kluvin, T. N. (2014). Educational consequences of alternative school 
placements. In M. Marschark & P. E. Spencer (Eds.), Oxford handbook of deaf studies, 
language , and education(Vol. 1, pp. 52–64). New York, NY: Oxford University Press. 
Stokoe, W. C. (1960). Sign language structure: An outline of the visual communication system 
of the American deaf. Studies in Linguistics. Occasional Papers (Vol. 8). 
Sutton-Spence, R. (2007). Mouthings and simultaneity in British Sign Language. In M. Ver-
meerbergen, L. Leeson, & O. Crasborn (Eds.), Simultaneity in signed languages: Form 
and function (pp. 147–162). Amsterdam: John Benjamins. 
Svirsky, M. A., Robbins, A. M., Kirk, K. I., Pisoni, D. B., & Richard, T. (2000). Language 
Development in Profoundly Deaf Children. Psychological Science, 11(2), 153–158. 
Svirsky, M. A., Teoh, S.-W., & Neuburger, H. (2004). Development of language and speech 
perception in congenitally, profoundly deaf children as a function of age at cochlear 
implantation. Audiology and Neurootology, 9, 224–233. doi.org/10.1159/000078392 
Swanwick, R. (2016). Deaf children's bimodal bilingualism in education. Language Teaching, 
49(1), 1-34. 10.1017/S0261444815000348  
Swisher, M. V., Christie, K., & Miller, S. L. (1989). The reception of signs in peripheral vision 
by deaf persons. Sign Language Studies, 63, 99–125. doi.org/10.1353/sls.1989.0011 
Szagun, G., & Stumper, B. (2012). Age or experience? The influence of age at implantation 
and social and linguistic environment on language development in children with cochlear 
REFERENCES 
 
137 
 
implants. Journal of Speech, Language, and Hearing Research, 55, 1640–1654. 
doi:10.1044/1092-4388(2012/11-0119) 
Tait, M., De Raeve, L., & Nikolopoulos, T. P. (2007). Deaf children with cochlear implants 
before the age of 1 year: Comparison of preverbal communication with normally hearing 
children. International Journal of Pediatric Otorhinolaryngology, 71(10), 1605–1611. 
doi.org/10.1016/j.ijporl.2007.07.003 
Tang, G., & Yiu, C. K.-M. (2016). Developing sign bilingualism in a co-enrollment school 
environment: A Hong Knong case study. In M. Marschark & P. E. Spencer (Eds.), The 
Oxford handbook of deaf studies in language (pp. 197–217). New York, NY: Oxford 
University Press. 
Tobey, E. A., Geers, A. E., Douek, B. M., Perrin, J., Skellet, R., Brenner, C., & Toretta, G. 
(2000). Factors associated with speech intelligibility in children with cochlear implants. 
The Annals of Otology, Rhinology & Laryngology, 185(Supplement), 28–30. 
Tobey, E., Thal, D., Niparko, J., Eisenberg, L., Quittner, A. L., Wang, N.-Y., & The CDaCI 
InvestigativeTeam. (2013). Influence of implantation age on school-age language 
performance in pediatric cochlear implant users. International Journal of Audiology, 
52(4), 219–229. doi.org/10.3109/14992027.2012.759666 
Tomblin, J. B., Barker, B. A., Spencer, L. J., Zhang, X., & Gantz, B. J. (2005). The effect of 
age at cochlear implant initial stimulation on expressive language growth in infants and 
toddlers. Journal of Speech Language and Hearing Research, 48(4), 853–867. 
doi.org/10.1044/1092-4388(2005/059) 
Tomblin, J. B., Spencer, L., Flock, S., Tyler, R., & Gantz, B. (1999). A comparison of language 
achievement in children with cochlear implants and children using hearing aids. Journal 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
138  
 
of Speech, Language, and Hearing Research, 42(2), 497–509. doi.org/1092-
4388/99/4202-0497 
Trabasso, T., & Magliano, J. P. (1996). Conscious understanding during comprehension. 
Discourse Processes, 21(3), 255–287. doi.org/10.1080/01638539609544959 
Tyler, R. S., Fryauf-Bertschy, H., Kelsay, D. M., Gantz, B. J., Woodworth, G. P., & Parkin-
son,  A. (1997). Speech perception by prelingually deaf children using cochlear implants. 
Otolaryngology--Head and Neck Surgery : Official Journal of American Academy of Oto-
laryngology-Head and Neck Surgery, 117(3 Pt 1), 180–187. doi.org/10.1016/S0194-
5998(97)70172-4 
Uchanski, R. M., & Geers, A. E. (2003). Acoustic characteristics of the speech of young 
cochlear implant users: A comparison with normal-hearing age-mates. Ear and Hearing, 
24(1 Suppl), 90S–105S. doi.org/10.1097/01.AUD.0000051744.24290.C1 
Utley, J. (1946). A test of lip reading ability. Journal of Speech Disorders, 11(2), 109–116. 
Valmaseda Balanzategui, M. (1998). Algunas reflexiones acerca de la educación bilingüe. In 
APANCHE (coord.) Experiencias bilingües en la educación del niño sordo. (pp. 17–20). 
Barcelona: APANSCE. 
van Berkel-van Hoof, L., Hermans, D., Knoors, H., & Verhoeven, L. (2016). Benefits of 
augmentative signs in word learning: Evidence from children who are deaf/hard of hearing 
and children with specific language impairment. Research in Developmental Disabilities, 
59, 338–350. doi.org/10.1016/j.ridd.2016.09.015 
van den Broek, P., Bauer, P. J., & Bourg, T. (2013). Developmental spans in event 
comprehension and representation: Bridging fictional and actual events. New York, NY: 
Routledge. 
REFERENCES 
 
139 
 
van Dijk, T. A., & Kintsch, W. (1983). Strategies of Discourse Comprehension. San Diego:  
Academic Press. 
Van Dyke, J. A., Johns, C. L., & Kukona, A. (2014). Low working memory capacity is only 
spuriously related to poor reading comprehension. Cognition, 131(3), 373–403. 
doi.org/10.1016/j.cognition.2014.01.007 
Vendrame, M., Cutica, I., & Bucciarelli, M. (2013). A written version of sign language can 
enhance signing deaf individuals’ comprehension and learning from texts. Proceedings of 
the 35th Annual Meeting of the Cognitive Science Society (pp. 3663–3668). 
Vermeulen, A. M., van Bon, W., Schreuder, R., Knoors, H., & Snik, A. (2007). Reading com-
prehension of deaf children with cochlear implants. Journal of Deaf Studies and Deaf 
Education, 12(3), 283–302. doi.org/10.1093/deafed/enm017 
Wampler, D. (1971). Linguistics of Visual English: An introduction. Santa Rosa, CA: Santa 
Rosa City Schools.  
Watson, L. M., Archnold, S. M., & Nikolopoulos, T. P. (2006). Children’s communication 
mode five years after cochlear implantation: Changes over time according to age at 
implant. Cochlear Implants International, 7(2), 77–91. doi.org/10.1002/cii.301 
Watson, L. M., Hardie, T., Archbold, S. M., & Wheeler, A. (2008). Parents’ views on changing 
communication after cochlear implantation. Journal of Deaf Studies and Deaf Education, 
13(1), 104–116. doi.org/10.1093/deafed/enm036 
Whitehead, R. L., Schiavetti, N., Whitehead, B. H., & Metz, D. E. (1997). Effect of sign task 
on speech timing in simultaneous communication. Journal of Communication Disorders, 
30(6), 439–455. doi.org/10.1016/S0021-9924(97)00029-4 
VISUAL PERCEPTION AND SIGNED ORAL LANGUAGE IN DEAFNESS 
 
 
140  
 
Wilbur, R. B. (1986). American sign language: Linguistic and applied dimensions. Boston, 
MA: College-Hill Press. 
Wilbur, R. B. (2008). Success with deaf children: How to prevent educational failure. In & D. 
J. N. (Eds. . In K. A. Lindgren, D. DeLuca (Ed.), Signs and voices: Deaf culture, identity, 
language, and arts. Washington DC: Gallaudet University Press. 
Williams, C., & Mayer, C. (2015). Writing in young deaf children. Review of Educational 
Research, 85(4), 630–666. doi.org/10.3102/0034654314564882 
Wilson, M., Bettger, J. G., Niculae, I., & Klima, E. S. (1997). Modality of language shapes 
working memory: Evidence from digit span and spatial span in ASL signers. Memory and 
Cognition, 25, 313–320. doi.org/10.1093/oxfordjournals.deafed.a014321 
Wingfield, A., & Tun, P. A. (2007). Cognitive supports and cognitive constraints on 
comprehension of spoken language. Journal of the American Academy of Audiology, 
18(7), 548–558. 
Yiu, C., & Tang, G. (2014). Social integration of deaf and hard-of-hearing students in a sign 
bilingual and co-enrollment environment. In M. Marschark, G. Tang, & H. Knoors (Eds.), 
BIlingualism and bilingual deaf education (pp. 552–601). New York, NY: Oxford 
University Press. 
Yoshida, H., Kanda, Y., & Miyamoto, I. (2008). Cochlear Implantation on Prelingually-
Deafened Adults, 1–22. 
Yoshinaga-Itano, C. (2006). Early identification,communication modality, and the 
development of speech and spoken language skills: patterns and consideration. In P. E. 
Spencer & M. Marschark (Eds.), Advances in the spoken language developmnet of deaf 
and hard-of-hearing children (pp. 298–327). NY: Oxford University Press. 
REFERENCES 
 
141 
 
 Yoshinaga-Itano, C., Baca, R. L., & Sedey, A. L. (2010). Describing the trajectory of language 
development in the presence of severe to profound hearing loss: A closer look at children 
with cochlear implants versus hearing aids. Otology & Neurotology, 31(8), 1268–1274. 
doi.org/10.1097/MAO.0b013e3181f1ce07 
Yuill, N., & Oakhill, J. (1988). Effects of inference awareness training on poor reading 
comprehension. Applied Cognitive Psychology, 2, 33–45.  
  
 
 
 
  
 
